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TRAN SLAT'OR’S P U E P ACE. 


Ammonia and its Compounds an* products of considerable use and 
value in the industrial arts, and of late their application to various 
purposes — manufacture of ice, agriculture, etc. — has increased very 
much, so that chemical manufacturers ha\c been induced to pay 
more attention to methods and means of producing them in a com- 
paratively pure condition on a large scale, and to seek new sources 
of raw material for their preparation. Under these circumstances, 
and seeing that there has been hut little published in England about 
the manufacture of ammonia, the publication of the present trans- 
lation of Professor Camille Vincent’s little treatise on Ammonia 
will not be without interest and value. The Author, who is Pro- 
fessor of Chemistry at the Paris Central School of Arts and Manu- 
factures, describes very clearty the methods which arc largely and 
successfully practiced in France for thf* preparation of ammonia 
and ammonium salts from various waste and raw’ products. The 
description is materially enhanced in value by the many illustrations 
of the plant that is used in conjunction with these processes which 
accompany it. 

A new Index has been compiled to facilitate reference. 

THE TKAX8LATOK. 


London, September 1901. 



CONTENTS. 

PAG* 

TRANSLATOR** PllEFACE .... ... V 

List of Illustrations .... . viii 

CHAPTER I. 

General Conrie^rationh. 

§ 1. Various Sources of Ammoniacal Products . .1 

§2. Human Urine as a Source of Ammonia. 4 

CHAPTER II. 

Extraction of Ammoniacal Products from Sewage. 

§ 1. Preliminary Treatment of Excreta in the Settling Tanks . 7 

The Lencaucliez process ....... 8 

Tho Bilange process . . . . .11 

The Kuentz process . . . . . . .13 

§ 2. Treatment of the Clariijed Liquor* 9 foil run Manufaciukk of 

Ammonium Sulphate c . . •> .... 14 

Tho Kiguora process and apparatus . . • . .14 

Apparatus of MHrgucritte and Sourdovnl ..... 15 

Tho Lair apparatus ... .... 19 

Apparatus of Sinticr and Muho ... 25 

Apparatus of Bilunge . ..... 27 

The Kuentz process ..*.... .28 

Process and apparatus of Hennebutte and I)e Vaurcal 29 

8 8; Treatment of Entire Sewage ... .32 

Chevalet’s apparatus ....... 32 

Paul Mullet’s apparatus ... 3G 

Lencaucliez’ apparatus . .39 

CHAPTER III. 

Extraction of Ammonia from Gas Liquor. 

• 

§ 1. Clarification of Gas Liquor ...... 44 

§ 2* ATanufacturk of Ammonium Sulpha I K ... .47 

• A. Mallet’s apparatus ....... 47 

A. Mallet’s modified apparatus ...... 52 

Paul Mallet’s apparatus ....... 53 

Cheval^’s apparatus ....... 5f 

Grlineberg’t apparatus ^ 61 



CONTENTS vii 

I. CoA*!hraATioN of Gas Liquor N **63 

Solvay’s apparatus . % . . f 83 

Kuenfct’a apparatus . * . .67 

Gruneoerg’s apparatus ...... 69 

• a 


Cll APT jjR IV. 

Manufacture of Ammoniacal Compounds from Bones, Nitrogenous 
• Waste, Beetroot Wash, and Peat. 


$ 1, Ammonia from Bones ... ... 72 

§2. Ammonia from Nitrogenous Wvstk Mitekials .74 

§3. Ammonia from Beetroot Wash (Vinvssk) 74 

§ 4. Ammonia fro* Peat ... .76 

Treatment of the ammoniucal liquors .... 82 


ClIAt’TKK V. 

Manufacture of Caustic Ammonia, and Ammonium Chloride, 
Phosphite, and Cvrhonvtk. 


§ 1. Manufacture ok Cvuhtic Ammonu . . 86 

§2. Manufacture of Ammonium Ciiloriuk ... 91 

From fermented urine — Process of the Lc.sage Company 91 

Kuent/s process ...... 02 

From gas liquor— -English process — Kuent/s process . 92 

From the dry distillation of animal matter . 94 

From ammonium sulphate .... 95 

Sublimation ... .96 

§ 8. Ammonium Phom»ii vies • . 98 

§ 4. Carbonates of Ammonium ... .100 

Scsquicarhonate frow animal mat Dm 100 

English process .... 101 

Uses. . . 102 


CHAPTER* VI. 

Recovery of Ammonia from the Ammonia-Soda Mother Liquokh. 


§ 1. General Considerations ... .104 

§2. Apparatus of Sell lowing and Roliand . 105 

§3. Apparatus ok the Social Anonymk dk l’Ksi . 107 

Index . .113 



LIST OF ILLUSTRATION S 


KIU, 

1. APPARATUS OF MARGUKRITTF. AMl HOUUDKVAI . 

2. DETAILS OF CONSTRUCTION OF TIIK COLUMN A OF FIG. 1 . 

3. PLAN AND ELEVATION OF F. A IH*N APPARATUS . . • 

4. ELEVATION SHOWING THE ARRANGEMENT OF T11K VARIOUS PARTS OF 

LAIll’s APPARATUS ........ 

5. APPARATUS OF HINTIKK ANI) MUHE ...... 

6. APPARATUS OF IIKNNKRUTTK AND VAURl?AL ..... 

7. chevalet’s APPARATUS ....... 

8. INSTALLATION OF A LVItOE f HKVALKT APPARATUS . 

9. MALLETS APPARATUS ........ 

10. LKNUAUCHKZ’ APPARATUS. THE DA ROM ETHIC AND ADSORPTION CflAMRKRS 

11. LKNCAUCHKZ’ APPARATUS. VERT O’ VI. SECTION OF THE ROILKR FOR DECOM- 

POSING THE FIXED SAL IS . 

12. PLAN AND VERTICAL SECIION OF THE RESERVOIRS AND TANKS FOR THE 

SEPARATION OF THE AMMON I AC A L LIQUORS AT THE VAUGIRARD AVORKS 

13. PLAN AND VERTICAL SECTION OF A. MALM-t’s APPARATUS. 

14. EI-KVATION OK THE SATUKAIIoN TANK ..... 

15. A. mallet’s APPARATUS 9 . . * . 

16. DETAILS OF THE PIPE SYSTEM *...... 

17. P. MALLKl’s APPARVITS . . . * 

18. CHEVALEt’s APPARATUS, WITH THKRMO-sM'IloNs . 

19. okOnkpkru’s APPARATUS ... . . 

20. HOLVAV’s APPARATUS ........ 

21. NEW ARRANGEMENT OK THE Iiol I.V.IIS IN sOLVAY’h APPARATUS 

22. KUKNT/.’s APPVRATIs. ....... 

23. ORONEDEUg’s APP \RA IT S KOR HIE M VM'EU IT RE OF CONCH M’RA TED 

AMMONIAC M, LIQUOR ....... 

21. PEAT S TILL ......... 

25. APPARATUS FOR THE TRMTMENT ol- AMMON I At AL I.K/I Oil, 

26. MALLET’S API’ \ ll V TUS FOR PURIFYING AND DISSOLMMJ AMMONIA (.As 

27. APP \RATUS OF THE LK.sVOE UOMPVNY KOR M \K1NG LIQUID AMMON I \ 

28. FURNACE FOR THE SUItLIM \ TIoN OK S\l. AMMONIAC IN l’OTs 

29. APPARATUS OF SCllLUiNINO AND ROLL VND ..... 

30. « APPARATUS OF THE sOCII'.Tl' ANONYME DES PRODUCTS CHIM1QUK" . 

31. CONKs PILED UP IN THE ROILKRS C AND 1> . 

32. THE SEPARATOR AND COLLECTOR IN PLAN AND SECTION 


PAO* 

16 

17 

21 

22 

26 

31 

33 

35 

37 

40 

42 

46 

48 

49 

54 

55 

56 
58 
60 
64 
66 
67 

70 

81 

83 

87 

89 

97 

c 106 

108 

109 

111 



AMMONIA AND ITS COMPOUNDS. 


CHAPTER I. 

« 

(JKNKKAL (’ONSIl)KH ATIONS. 

§ 1. Various Sources ok Ammoniauai, Products, 

Nitrogen, in the condition of an amnioniacal salt or of a nitrate, 
contributes to the nutrition of plants. Plants convey the nitrogen 
to the organs of animals to form compounds of a higher order of 
complexity. Exposed to the action of a high temperature, or simply 
allowed to uudergo putrid fermentation, nitrogenous organic sub- 
stances produce ammonia, which is easily recovered. The organs 
of plants and animals constitute, therefore, the natural source of 
amnioniacal products. The excrements of man and animals, which 
are rich in nitrogenous substances, also at lord ammonia in abundance, 
both for agricultural and industrial requirements. Down to the 
end of the last (eighteenth) century there was employed in Europe 
only an unimportant amount of ammonia, which was obtained from 
India and Egypt in the form of carbonate, or chloi hydrate. Crude 
ammonium chloride, or sal ammoniac , was obtained by burning the 
dung of animals, especially camels, fed upon saline vegetation. The 
poor people of the hanks of the Nile were in the habit of gathering 
this clung and drying it in the sun, for the purpose of using it as 
fuSl during the winter. The abundant soot obtained from these 
substances was collected and submitted to slow sublimation* ip 
glass flasks. Cakes of impure sal ammoniac, coloured grey by tarity 
products, were thus obtained, and were sent into commerce. This 
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primitive manufacture is no longer in existence; more ^ abundant 
sources of ammonia having been discovered, and simple and 
economical processes of preparing aiuraoniacal salts in a high state 
of purity having been brought into use. Tim fermentation of 
human dejections, the calcination of animal matters, and the dis- 
tillation of coal,' are the principal sources from which agriculture 
and manufactures at the present day derive the enormous quantity 
of ammoniacal coni|>ounds which they require. 1 A certain quantity 
is also extracted from the water of the Tuscan lagoons, and from 
the products of the distillation of the residual wash from beet-root 
spirit, but these sources arc at present limited. e 

The increase in the consumption of ammonia has doubled its 
value in twenty years; especially of late, the manufacture of soda 
by the ammonia process has particularly contributed to raise the 
price. We learn, in fact, from an aide work by Walter Weldon, 
on the Soda Industry, that by (his process there is annually manu- 
factured 1 03,000 tons of soda, consuming 9000 tons of ammonium 
sulphate. In spite of the great extension of this manufacture of 
soda, which cannot but still further increase, we may feel assured 
that tho price of ammonia instead of rising will now diminish, 
thanks to tho efforts which have recently been made to recover 
the enormous quantities which have hitherto been lost. Several 
years ago M. Carves smarted in France, and more recently in 
England, coke ovens which, whilst yielding qoke of good quality, 
allow of the recovery of the tar and ammonia. The ovens of this 
description at Tamaris, Terre-Noire, and Posscges, produce in the 
aggregate about 200 tons of coke per day, with 0 tons of tar and 
2 to tons of ammonium sulphate. This method of manufacture 
has not made the progress in France which might have been hoped, 
although it has given satisfactory results. Recently John Jameson 
of Newcastle- 011 -Tyne has worked out a process of condensation, 
applicable at a low cost to existing coke ovens. This new process 
has been working for a year at the factory of Mr. Hugh Lee 
Pattison at Polling, and gives most satisfactory results. About 5 4 
kilos. (11’9 lbs.) of ammonium sulphate is obtained from 1 foil 

« 1 From documents published in 1882, there was produced in the United Kingdom 
1,000,000 tons of ammoniacal gasliquoi, resulting Horn the distillation of 9,000,000 
tons of coal, and yielding about 25,000 tons of ammonium sulphate. Tho Paris Gas 
Company alono distillep 927,101 tons of coal in 1882. 
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if Northumberland coal, and therif is retfton to hope that tljig 
yield will be increase^ as the apparatus is improved. The y^pld 
of coke and its quality are in no Way affected bv this new 
procqgs, which \jill soon he adopted by a large numlier of manu- 
facturers. # • 

Whilst England has beenWicciqded in oollectifig ammonia from 
the coke ovens, Scotland has undertaken the condensation of 
ammonia from blast furnaces consuming coal. This idea was due 
to Mr. W. herrie ; it has recently been applied to two of the six 
blast furnaces at Garisherrie, and will shortly he applied to the 
remainder. The quantity of ammonia collected daily at Gartsherrie 
represents 900 kilos. (1980 lbs.) of ammonium sulphate, or a yield 
of 9 kilos. (19 8 lbs.) per ton of coal burnt. The decomposition 
of the coal takes place undei* these conditions at a temperature 
intermediate between that ot the coke owns and that of the gas 
retorts. The results obtained at Gailshenie haw induced other 
factories to endeavour to solve the same problem by different 
methods. It may therefore he hoped that the 1 1*0 Scotch blast 
furnaces which consume coal will he furnished in the near future 
with the apparatus for the condensation of ammonia. Each of 
these 120 blast furnaces consumes r>0 tons of coal daily, the total 
yearly consumption is 2,190,000 tons, which would yield about 
20,000 tons of ammonium sulphate, v*ortli at least. £400,000. 
This enormous quality of ammonia barely represents one-tenth of 
that which might he obtained from tin* products of the English coke 
ovens, in which 20,000,000 tons of coal are annually converted ; 
admitting a yield of 9 kilos, of ammonium sulphate per ton, 
already obtained at Gartsheme, 180,000 tons of this product 
should he recovered. This brief account shows that the con- 
sumption of ammonia may he largely increased, perhaps many 
times multiplied, without any fear of a deficiency of this substance 
for technical purposes. It may further he added, that the com- 
bustion of coal is the most impoitant source of ammonia which 
can he turned to account, at least in the majority of factories, as it 
already is in several of them. 

Independently of these various source's of ammonia* attempts 
have for some time been made to produce this substance frofn 
atmospheric nitrogen. We will not here refer to the numerous 
add able researches which have been made on this subject, and the 
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very interesting result whicft have already been obtain^; buW 
altjitmgh this problem has not yet been solved from an industrial 
point of view, it may be anticipated that it will one day lx? solved, 
since patient and able investigators are attacking it vigorously. 
The production of ammonia would then be unlimited, to the great 
benefit of agriculture and manufactures. 

§ 2. Human Think as a Sourck of Ammonia. 

The kidneys of the mammalia secrete a liquid, urine, which 
collects in the bladder, to be subsequently expelled, from the body. 
This liquid is essentially a product of excretion, containing in 
solution mineral and organic matters, which the renal glands 
remove continuously from the blood. Thu chief substances which 
it contains are urea, common salt, and earthy phosphates. Urea is 
tho final product of the oxidation of nitrogenous matters in the 
organism ; these matters appear to decompose into substances free 
from nitrogen, such as glycogen, inosilc, and cholesterin, and 
nitrogenous substances such as urea, creatinine, xanthine, and 
uric acid, which are found in all tissues, and are capable of 
transformation into urea by decomposition and oxidation. The 
urea is transferred to the blood, and continuously thrown out by 
tho kidneys. ♦ * 

The urine secreted* by a healthy man Js a limpid yellow 
liquid, varying in density from 1'005 to 1*030, but more 
usually from 1*015 to 1*025; of hitter and saline taste, due prin- 
cipally to the common salt and urea, and with a peculiar slight 
odour. It has generally an acid reaction, hut may be neutral or 
oven alkaline. It contains all the mineral and organic substances 
which have been taken in excess of the bodily requirements, and 
are in consequence not assimilable, and all the products of the 
metamorphosis of tissue. It contains, besides urea and common 
salt, small quantities of uric and hippurie acids, creatinine, xanthine, 
colouring matters, and undetermined extractive substances, together 
with alkaline sulphates, alkaline and earthy phosphates, and, lastly, 
twice of silica. 

* Tho following table gives the normal composition of the urine 
of an adult man weighing 65 kilos. (143 lbs.), taking a normal 
diet and^moderate exercise: — # 
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St BHT*\CEH. 

Avera^t 1 »l*il> 

Avera#* quantity 


• 

tJUAHUt) . 

l*r kilo. # 

u awr 

... » 

1238*07 grins. 

952*36 grius. 

t 

TreA 

3i-:.r» ,. 

2 1 ‘27 ,, 


Uric acid 

0-52 

0*40 ,, 

• 

Hippunc acid 

1 ,10 „ 

100 


Creatine and < leatiumc .• 

1*30 „ 

100 ,, 

Organic matters — 

Xantlnne • 

0 000 f , 

0 001 

Per tlay, 4 1 *74 gnus. 

Extractive and colnnrmg 

7 oo:> 

5 41 ,, 

Per kilo. 32 11 „ * 

matters 



• 

Fatty no wis \ 




(Jlueose 1 



* 

Phenol | 

Tl Aces. 

Tiacos. 


v Mueine j 




'Sodpim chlonde . 

l.l '30 gnus. 

10*231 grins. 


Alkaline sulphates 

I o.l ,, 

310 


( \ilcium phosphates 

0408 ,, 

0 313 ,, 

Mineral matters-- * 

Magnesium 

o\ r ,91 

0*165 ,, 

Per day, 2019 gnus. - 

Alkaline ,, 

1 SO 

1131 ,, 

Por kilo. 1.V53 ,, 

.Silu a, won. ammonia i 




jOwgen I 

T 

... 


Cases ’ Xitiogi«i j 

taccs. 

1 ta» os, 


f Carbonic at nl 1 





moo uo gi ms. 

1000*00 gtms. 


These proportions arc liable l<> considei.ible vurinlinnn. Normal 
urine may contain 20 to 2f> grins of urea per lit rts ; the (juantity 
produced by a man \aries fiom 22 to 27 gnus. in twenty-four hours. 
The quantity of uric arid \arios from to of the weight, of the 
urea. Normal human urine is limpid when fresh, if left it often 
becomes slightly turbid on •cooling, oj\mg to the deposition of 
flocks of mucus and a trace of phosphates, in eonse([ueneo of the 
loss of part of the caihonie acid. It then becomes acid, and its 
colour deepens, whilst uric acid and urates are deposited. It 
remafns in this condition for some time ; it then becomes neutral, 
and eventually strongly alkaline,* whilst abundance of earthy 
phosphates, and oxalates, ammonio - magnesium phosphate, and 
ammonium urate separate. The men has then become ammonium 
carbonate, by combining with the elements of water: COH 4 N 2 *f 
2H 2 0 = (NH 4 ) 2 ( ’().{. 

If fresh urine, after boiling, is kept in a Pasteur Husk to 
which all access of atmospheric dust is prevented, it may bo kept 
unaltered for an indefinite time. 

M. Van Tieghem has proved the constant presence in jirino 
undergoing ammoniacal fermentation of a torula, consisting* of 
minute globules connected into chains, which possesses the property 
gf converting urea into ammonium carbonate* The rapid trans- 
formation ot the urea i§ probably due to this organisfi. Since the 
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2 S 4*) 37 grras. of urea yielded daily by a man will proflufc 12*5 
to 21 grins. of ammonia, U, follows that tfie urine from a large 
town constitutes an important source of amnfonia. It should, 
however, he noticed that a large part of the urine # of towns is sent 
direct to the drains, either by the (public urinals, or by movable 
close-stools which constantly <lischarge into the drains. For this 
reason urine is used to a veiy limited Extent for the manufacture 
of ammonia. Paris is one of the towns where this utilisation is 
of most importance. The matters removed from the fosses are 
transferred to settling reservoirs, where the solid products are 
allowed to settle, for subsequent drying, whilst the supernatant 
liquid, which is known as “ eau vanne,” passes into other reservoirs 
to finish its fermentation. At th*‘ end of three or four weeks, 
these liquids, which consist essentially of putrefied urine, are used 
for the manufuetuie of nmmoniacul products. 



(’ll A PT VAX II. 

EXTRACTION. OF A M MON I AC A L PKODPCTS FROM SKWAdK. 

§ 1. PHELIMINARY TliKVTMKNT OF KvKKTA IN T1IK 
; Tanks. 

The excreta removed fiom I la* fosses, after the addition of metallic 
salts, iron sulphate, /me ehloi ale <*r sulphate, for the decomposition 
of the ammonium sulplodrate which they contain, aie transferred 
to large covered tanks. In Pans then* aie daily extiaeted upwards 
of 2200 e.m. of excreta, d(MI of which are obtained from 
the movable close-stools. Tin* Lesagc and tin* Parisian Sewage 
and Manure Companies convey these substances by night in 
cylindrical trucks, which an; emptied into hoi tactically closed sheet- 
iron tank-barges, which art* then towed to 4la* works at Ihllnncourt, 
Auberv illiers, and Xfaisoii-Alfoit fui the Pesage Company, or for- 
merly to Nanterre, befoie the closing of the factory of the Parisian 
Company. Steam pumps lift the contents of the barges and dis- 
charge them by Hubtenanean pipes iirto huge icservoirs excavated in 
the earth, covered with tile loofs, and made watertight by puddling 
with (*lay. Since the closing of the Nanterre woiks, the Parisian 
Company has been pro\ isionally autlmnsed to treat the sewage in 
the common sewers of l»ondy. Tin* sewage sent to the settling 
tanks of Li Yillette is dischaiged h) cast-iron pipes into the tanks 
established at Bornly. More than half the sewage of Paris is 
treated by these two companies. 

The average sewage sent to the settling tanks contains f^om 
85 to 95 per cent, of liquid , left to itself, it soon deposits a blacfc 
mud, and the more or less turbid mu vnnnf can be run off and 
allpwed to ferment. The fresh sewage contains nitrogen in the state 
of uric acid, (jreatinine, albuminoid substances, and ill-dtfined com- 

• » 
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jtounds, and chiefly as urea. By fermentation, which t&kts place 

p&rtly in the fosses, the urpa $ gradually converted into ammonium 
carbonate by fixing the elements of water ; there are also produced 
ammonium sulphide, sulphate, and chloride, and anftnonio-magnesium 
phosphate. At # the same tnne^a mynber of complex products are 
formed, notably compound ammoniaK, the presence^ which, although 
in small proportion, renders the smell from the settling tanks very 
unpleasant. Neutral substances of disagreeable odour aVe also 
formed, which explains the difficulty of finding a simple and 
economical method for the complete deodorisation of sewage. Up 
to the present time it may be said that no satisfactory mode of 
destroying the emanations from sewage has been attained, except 
by agents such as chlorine, bropiine, and nitrous gases, which 
decompose or greatly modify all odorous organic compounds; but 
these are costly. 

The experiments made at the “Hopital de la Bifid ” by MM. 
Bapst and Girard on the use of nitrous sulphuric acid, have given 
very sharp and conclusive results; it is desirable that they should 
be repeated in practice. 

It is always observable that sewage exposed to the air in the 
settling tanks, loses a notable proportion of its animoniacal nitrogen, 
which passes oil' cither as nitrogen, or ammonium carbonate, or is 
converted into nitric acid by a special fermentation, as has recently 
been shown by the researches of Sehlccsing and Muntz. 

At the end of three or four weeks, the fermentation being 
completed, the liquid is passed to the apparatus for the extraction 
of the ammonia. The deport in the tanks retains much liquid ; 
this is dried and powdered. In many cases this mud is simply 
allowed to dry spontaneously, and requires several years, together 
with costly labour, whilst noxious atlluvia are produced and a 
serious loss of nitrogen takes place. Thus, sludge, which after 
rapid drying would contain 2*5 to 3 per cent, of nitrogen, will 
retain at most 1 *5 per cent, after exposure to the air for two years. 
The rapid desiccation of the sludge is therefore a matter of im- 
portance and numerous attempts have been made to solve this 
problem in a manner which shall be both economical and conform- 
able to public hygiene. 

The Lcncauchfz Process . — In 1858, Lencauchez, a civil engineer 
of Baris, endeavoured to solve the problem of the r§pid conversion 
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of sewlgc? into solid manure and ammonium sulphate. The follow- 
ing is a short account of the processes which he employed for 
dealing with the sewage accumulated in the immense settling tanks 
at Boftdy. The^lan first adopted had for its object— (1) to nip 
off the liquid portion of the sewage ; (*2) to dredge up the sludge, 
dry it in stoves traversed by waim air mixed with the pioduets 
of combustion from specif furnaces, to obtain it m the form of 
powdef ( poudrettc ); (3) to distil the liquid juntum alone, for the 
extraction of the volatile salts of ammonia ; (1) to continue the 
distillation after adding lime to decompose the fixed salts of 
ammonia, and fhen run the residues into the drains. This pro- 
cess, whilst it allowed the extent of the tanks at Bond) to he 
reduced, did not satisfy hygieyic requiiements, either with regard 
to the efflux ia or to the quality of the diluent liquids, which, 
whilst containing only a small amount of nitrogen, were rendered 
turbid by solid matters thrown up by the fermentation which took 
place in the tanks. About 1H08, Bencauche/ altered his process 
completely. He observed that the liquid portion of the sewage 
could only be run otf conveniently when fei mentation had ceased, 
since the bubbles of gas kept, permanently m suspension those 
organic matters whose density was the same as that of the liquid, 
allowing only the heavy earU>\ mattcis to settle. He observed 
further, that boiling, which coagulates albuminous substances and 
destroys ferments, "permits the rapid decantation of the liquid ; 
and, lastly, that the action of lime, J>\ deducing the ferments and 
saturating the acids, assists subsidence still full her. If the sewage 
is distilled with an excess of milk lime, lime salts an* formed, 
which, mixed with the organic mattcis, bum a deposit of greater 
density than the liquid, and from the absence of gases and ferments, 
and the elleet of the excess of lime m pi eventing fresh ferment- 
ation, settling takes place rapidly. In 1SG7, <’hc\alct showed that 
after treatment with lime and distillation of the ammonia, the solid 
and liquid portions of the sewage could be separated without the 
l<p*8 of more than 1 or 2 per cent, of their nitrogen. This led 
Lencauchez to propose that the treatment of sewage should Ik; 
commenced by distillation with lime. He took out a patent fyr 
this method on the 3rd March 1 8 G and a .supplementary one 
op the 24th May 1870. The new method consisted — ( 1 ) in dis- 
tilling the eptire sewage in a vacuum with lime for #tli? recovery 
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of the ammonia; (2) separating the solid and liquid persons by 

settling; (3) drying the sludgy Hie following is a description of 
the process as submitted to a committee of visitation on the 8th 
June 1872 : — 

9 

The sewage % on urriviilg at the establishment, is to be put 
through disintegrators to render 1 it homogeneous. # These are closed 
vessels through which a current of air *is driven by a fan into a 
sulphuric acid tower for the fixation of the ammonia. The \mcon- 
densahle gases are destroyed hy passing through a furnace. The 
sewage issuing from the disintegrators passes through a sieve, 
and the coarser particles retained hy the sieve lire collected in 
waggons and burnt in special furnaces. The liquids flowing from 
the sieves are to be received in storage tanks of impermeable 
brickwork, vaulted over to pi event the escape of eflluvia, and 
ventilated like the disintegrates. The treatment of the contents 
of these tanks will he examined in gteatei detail in § 2. The 
exhausted liquids, after boiling with linn*, were to he raised by 
a pump into a transference apparatus, where they would part with 
most of their heat to fresh sewage. They would then flow into 
settling tanks, where they would he treated with a small quantity 
of aluminium sulphate (about 50 grs. per cubic metre), to assist the 
settling of the suspended matters upd allow of the rapid decanta- 
tion of the clear liquids, #.\hieh would then he allowed to flow' away. 
The sludge at the bottom of llu* tanks woidd then he passed 
through filter presses to obtain the solid matteis in the form of 
cakes, which are to lx* dned and powdered, whilst the* liquid 
returns to the tanks. The sUves for drying the press cakes are 
traversed hy the products of combustion of the furnaces, to which 
enough air is added to reduce their temperature to 1 10° C., so as 
not to char the organic matter of the cakes. During the drying 
the excess of lime will he carbonated. 

This brief sketch of the subject shows that M. Lencauchcz 
proposed the following improvements m the treatment of 
sewage : — 

(1) Distillation in vacuo, avoiding the formation of a large propor- 
tion of odoriferous matters, which form only at a high temperature; 
(2) treatment with lime, to remove ammoniacal products at once, 
and allow a read)' separation of the solid and liquid matters by 
arresting* fomentation and coagulating albuminous substances; 
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(3) the of filter presses, to collect the solids in the form 

cakes, and allow of rapid drying iif current of heated gaff; 

(4) the use *of closed and ventilated apparatus, to prevent the 
dispersffl of the exhalations and allow the uncondensahle gases to # 
be destroyed by {Missing through^ furnaeek. This ingenious process 
has, however, neve/ been practically brought into use. 

We shall not allude to all the attempts which have since been 
made td treat sewage with rapidity, as that would take us from 
our subject; we will only desciibe two pioccsses, namely, that of 
Bilange, which is in use in Bond), and that of Kueul/, which is 
chiefly employed at the Veisaillcs wmk^ The tiisi of these pioccsses 
permits the treatment of entire sewage, and allows the sepaiation 
of practically the whole of the liquid poition, fmm which the 
, ammoniaeul products arc then cxtiucted, the second dilutes the 
sew-age into clear eflluent and solid cakes containing assimilable 
phosphates. 

The JhhnufC J'l'ocfss- M. lh I mge has sought to produce a 
manorial product of immediate utility, and to allow only lnodoimis 
and imputresciblc matters to pass away into the air or the diluent 
liquids. His process is a sat isl’actoiy one from a hygienic stand- 
point, and he extracts fiom the sewage nearly the whole of the 
fertilising materials which it contains. 

The treatment comprises three distinct upeiutions- 

1. Treatment by* chemicals, which assist the settling of the 
solid matters, ami the decantation ot the liquid pot turn. 

2. The conversion of the sludge into manuie. 

3. The distillation of the liquids foe the leeovci yof the ammonia 
as sulphate. 

As we shall see later on, the distillation and ahsoiptmn of the 
vapours bikes place in closed appaiatns under 1 educed pressure. 

The sewage disehaiged fioin the lc.scrvons of Li \ illette is 
delivered at Bondy duectly into disintcgiatois, when.* it is mixed 
with definite proportions of chemicals, consisting ehielly of milk of 
liny}, of density lib to 1*20. I wo disintcgiatois aie employed, 
and they are capable of passing 100 cm. of sewage pi*r hour. 
From the disintegrators tin* nnxtuie llows into a brickwork 
tank of 500 c.in. capacity, covered with a plank floor, with 
openings to allow access to the tank. 3 he more lime there lias 
been added, the more readily does settling take plo^e. After 
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about an hour the clear supernatant liquid can be re&oved by a 
fump. It has a pale amberjcolour, and contains free ammonia, the 
acids being in combination with lime, and it if? free from most of 
r the impurities of the cai/x manes. The reactions ufliieh have occurred 
in this treatment are easily understood ; the carbonic acid has com- 
bined with the lime, and the insoluble calcium .carbonate produced 
is precipitated ; the other acids also combine with the lime, produc- 
ing both soluble and insoluble calcium salts, the latter df which 
* precipitate with the carbonate. Moreover, the albuminoid matters 
are coagulated by the lime and entangle the pulverulent precipi- 
tates. A coagulation of the whole has in fact taken place, and 
the black fetid matters which entered the disintegrators issue from 
tho tanks in a short time in a .clear and limpid condition, with 
only an odour of ammonia, and in a lit state for its subsequent 
extraction. When the clear liquor has been drawn oil’, it is 
replaced by an equal volume of the mixture delivered by the dis- 
integrators, and this operation is repented several times until the 
tank is full. The thick sludge is then further treated for the 
production of a solid manure and the recovery of the adherent 
ammoniacal liquor. The sludge is passed into working tanks 
holding about 70 c.m. and thence to filter presses. It is raised 
into a series of montr-jn a similar U> those used in sugar works ; in 
these it is hunted by ©a jet of steam, and is only passed through 
the filters when sufficiently hot. This prehmmnry heating is neces- 
sary for satisfactory filtration ; it gives a more satisfactory texture 
to tho deposit; without it, firm cakes cannot be produced, filtration 
is troublesome, and the effluent is turbid and blackish. After heat- 
ing, on the contrary, the effluent from the presses is clear and yellowish, 
the cakes are hard, and are readily detached from the filter cloths. 
During the heating, ammoniacal vapours are evolved, which are 
drawn off' from the mon/e-jus by a pipe and passed into a lead 
vat containing sulphuric acid, where they are converted into 
ammonium sulphate. The effluent from the presses being thus 
deprived of its ammonia, does not inconvenience the workmen. 
The cubes are the richer in nitrogen the less there lias been em- 
ployed of chemicals, and the richer the sewage in nitrogenous 
organic substances. 

One hundred c.m. of crude sewage yield by this prqpess 
75 c,rii. clear effluent and 25 c.m. t of sludge, % yielding 6000 
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to*7000^k^lo8. of press cakes, containing 50 per cent, of moisture- 
The clear liquors drawi^ from the settling tanks, and those from 
the filter presses, # are treated together* for the manufacture of 
ammonium sulphate. 

This process, as may he seen, gives the double advantage of a* 
rapid treatment of the sewage an# the avoidance of diluvium, 
whilst it yields liquors which are easily treated, and cakes which 
are driest without difficulty, llut these cakes have a very low value 
on account of the small amount of fertilising material contained 
in them. 

The Kcuntz Process . — This process also avoids the stocking of 
the sewage in settling tanks, and allows its immediate serration 
into clear liquors and saleable press-cukes. The sewage is received 
in a large closed tank, with vertical partitions, where a first separa- 
tion of solid and liquid takes place. The clear liquors from the 
top of the last compartments flow into a vat fimn which they pass 
into the ammonia stills after traversing the heaters. The thick 
deposits collected in the lower part of the first compartments are 
lifted by a monte-jus into a closed mixer, where they are treated 
with aluminium chloride, ferric chloiide, and acid calcium phosphate 
to disinfect them, fit them for the filter press, and enrich them in 
fertilising materials. The reagent is piepured by treating a mixture 
of 15 parts of bauxite, 75 parts of nuluriK phosphate of lime, and 
3 parts of hydrated*>\ide of iron, with 110 pints of commercial 
hydrochloric acid, and 150 parts of water. Of the resulting solu- 
tion, 50 kilos, are added fnr each cubic metre <»f the thick sludge. 
After settling for twenty-four hours, a further quantity of chair liquor, 
with only a faint odour, can he drawn from the surface, whilst 
the sediment is lifted by a montiju . s and forced by compressed air 
into a filter press. This process yields clear liquors and press- 
cakes which arc readily dried. The cakes contain as dicalcic 
phosphate all the soluble phosphate added, which, together with the 
calcium carbonate, lias been precipitated by the ammonium carbonate 
present. The iron has combined with the sulphuretted products, 
and the alumina has modified the albuminous and slimy # matters, 
so that they no longer prevent filtration. The cakes thus obtained 
contain 3 to 3'5 per cent, of nitrogen and 10 to 12 per cent, of 
assimilable phosphoric acid. This process is at work at various 
plafces, especially at Versailles. 
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S 2, Treatment of tiik Clear “ Eaux VANN&. ,r 

i • 

1 . The Figuera Procedk.— Tho oldest process for the extraction 
of the ammonia from the eaux vannes is dqe to Figi^ra, by 
"whom it was worked at Bpndy. It is based on the volatilisation 
of ammonium carbonate by sffcam.* Figuera’s apjiaratus consisted 
of an ordinary steam boiler of a capacity* of 11 c.m., the 
steam from which could be passed in succession into two, vertical 
wrought - iron cylinders, each holding 10 c.m., and contain- 
ing the eau ratine to be treated. The steam, together with 

the volatile salts of ammonia which it carried off, was passed 
into a leaden condensing coil traversing a wooden tank of 
2 5 c.m. capacity filled with fresh eau ranuc, which, whilst 
condensing the steam, was itself warmed. The steam, with most 
of the ammonium carbonate, was thus condensed. The uncon- 
deused gases were driven through sulphuric acid contained in a 
wooden vat lined with lead, where the ammonia became converted 
into sulphate. The steam boiler was fed with the exhausted 

liquor from the cylinders, which still contained a trace of ammonia, 
and tho cylinders wine refilled with the wanned eau ranne from 
the condensing vat. Each cylinder was furnished with a wrought- 
iron steam chest for the breaking down of the abundant froth 
carried off by the vapoift-, and fitted with a gauge-glass to regulate 
the progress of the operation. Each operation lasts about twelve 
hours: when finished, the contents of the steam boiler are run 
out, and the boiler is refilled from the cylinders. The latter are 
recharged with the eau ratine from the cooling vat, and a fresh 
operation is commenced. The condensed ammoniacal liquid, having 
been neutralised with sulphuric acid, yields a very weak solution 
of the sulphate, indicating scarcely 5° lleaume, and requiring to 
be concentrated together with the liquor from the acid vat. This 
concentration consumes a considerable amount of fuel, which it 
has beon sought to reduce by employing the weak liquors for 
feeding the steam generators, by which part of the eau vanne 
was treated. When concentrated to 24° Eeaumc, it was dr&wrn 
olf from the generators, and the operation finished in open pans 
heated by direct lire. The sulphate deposited during the evapora- 
tion is fished out, drained, and dried : the acid mother liquors are 
returned t^ the absorption vats. 
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• Fig^ergi fitted up at liondy eleven sots of apparatus, allowing 
of the daily treatment % of 300 c.m. of ran man?, and producing 
about 2500 kilos, of ainmoniuin sulpnateT 

This process, jvhich presented numerous imperfections, has long 
been ahondoned, but it served as tin 4 starting - j»oiiit for more 
economical processes, which w& shtll examine in 'succession. 

2. ApjH trait/s of Manjucrittc am? Sourd* nil . — Figueras apparatus 
allowed only weak solutions of ammonium sulphate, contaminated 
with impurities carried over by the froth, to he obtained. It 
was therefore necessary to evaporate much water to obtain the 
crystalline wilt. • Moreover, liquois impel feet Iv exhausted had to 
be thrown away boiling hot, and lastly, the quantity of ammoniacal 
liquor treated was small in compaiison with the si/e of the plant. 
An apparatus has been designed by Margueritte and Soutdeval 
which obviates most of these mconveniimees, and which has been 
adopted by many large companies. They hu\e adopted the prin- 
ciple of the distillation column, which has long been in use for the 
dephlegmation of alcohol. 

Fig. I shows the whole of their apparatus, which consists 
essentially of two parts: (l) an ordinary distillation column, A, 
of wrought iron, l 3 in. in diameter, and composed of twenty-two 
plates, each of which is furnished with ten inverted cups, through 
which the ma. van nr descends, undergoing systematic exhaustion, 
and escapes through* the syphon S, (2) of a cooler fed with the 
eau vanne, which cools and paitly condenses the ammoniaeal 

vapours. From the end of this < ooler there flow only saturated 
solutions and vapours rich in ammoniacal products, which arc 
received in sulphuric acid. 

Fig. 2 shows in plan and section the details of the construction 
of the column. 

The apparatus works in the following manner. — The nut nmnr 
from the settling tanks is niised by a pump into a wrought-iroii 
tank (R, Fig. 1) supported on strong wooden framework. It 

then llow r s continuously by a tap (not shown) into a funnel pipe, 
E, Vhich conveys it to the lower pait of the cylinder. 11. In 
this cylinder it rises gradually, acquiring heat from contact with 
the coils through which the current of vapour from the still 

passes, and then Hows by the jape F into the distillation 

colfimn between the 18th and 19tb plates. In the # eofumn it 
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Flo. 1. - Appniatus of Maigueritto and Sourdeval. 


A, Cast-iion column, l*3ni. indwimetei. 

B, Cast-iron cooler with haok-llow pipes. 

0, End of the condensing coil. 

I), Leaden vessel lor ierei\ing the salinated 
, solution of ammonium cnihonatc. 

E, Pipe for the introduction of the tan comic. 

F, Feed-pipe for the column. 

G, Conical paitof the coaling cylindei for the 

reception o^ mud. 


K, lusen oir of tan ramie. 

S, Syphon for esc.\]>« of exhausted 
liquor. v 

A', Steam inlet. 

<i, Pij>e conveying the vaj>our to the 
coil. 

ft, f>. b, Back (low cups. 

h , Escape pipe leading to acid vat. 
r, r, r ", Back-How pipes leading to column. 
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keeps the liquor on # all the" plates in ebullition. The^ carbonate 
a^d sulphide of ammonium carried off by # the steam, pass by the 
pipe a into the cooler B. * ^ 

This cooler is constructed in four distinct # parts, which are 
fe) arranged that the liquid condensed in the three upper portions 
is returned to e the column, anil that from the fourth is collected 
in I). This is a saturated solution of ammonium carbonate mixed 
with sulphide. 

The uncondensed vapour escapes from the vessel I) by a 
wide pipe, which conveys it into sulphuric acid of 53° (chamber 
acid), contained in a lead-lined wooden vat, with a cover, where 
the ammonia is retained in the state of sulphate. The cups 
b, b , b, and the pipes r, /, r", allow the return to the column 
of the liquids condensed in the three upper divisions of the 
cooler, at such points that the returned liquids mix with products 
of approximately the same richness, so as to introduce no irregu- 
larity into the methodical extraction. The liquid collected in the 
vessel ]) shows a density of 1C° Beamin'; it serves, as we shall 
see later, for the preparation of ammonium chloride, or of ammonia. 
It is drawn off into carboys by a caoutchouc pipe closed with 
a clamp. 

The gases evolved during the absorption of the vapours by 
sulphuric acid were f^fmerly conveyed by a wide wrought-iron 
pipe to the ashpits of the boiler tires, to diminish as far as possible 
the escape of noxious vapours; but the large proportion of car- 
bonic acid and water vapour mixed with the offensive products 
prevented the complete combustion of the latter, and a very 
imperfect result was obtained. For some time the complete 
destruction of these offensive vapours has been successfully carried 
out by cooling them to remove water vapour, and driving them 
by a fan through a small cupola furnaco fed with coke or cinders. 
The gases then escape from the cupola xs ith no odour except 
one of sulphurous acid, and a great improvement from a hygienic 
point of view has thus been effected. 

After working for several days, the muddy deposits which 
havo collected in the conical part (G) of the cooler (B) are drawn 
out into waggons. 

By tho saturation of sulphuric acid of 53° there is obtained 
a solution of aiuihoniuin sulphate showing about 25°, which must 
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Ite evajor^ted. This evaporation is performed in tanks by means 
of coils of thick lead j)ipe heated J>y steam. The salt is fished 
out as fast as it ^separates, thrown upon drainers, and dried on 
cast-iuon plates Jieated by the waste heat of the steam boilers. 
The sulphate thus obtained is white ami fine: it contains 20 to 
per cent, of nitrogen. The exhausted liquors wliioh issue from 
the column are boiling hot. They are conveyed through gutters 
covered with cast-iron plates, on which the sludge from the settling 
tanks is dried. They thus lose most of their heat before being 
allowed to enter the drains. The vujxmrs from the drying of 
the sludge, consisting of water vapour and ofVensive gases, are 
drawn into a chimney placed at the end of the chambers, formed 
by covering the substances undergoing desiccation with loose wooden 
planking. In spite of these precautions, the ollensive exhalations 
are far from being destroyed; the greater part escape from the 
chimney, and are distributed m different directions, according to 
the prevailing wind. It is mainly to these evaporations that 

most of the complaints which have occurred since the opening 
of the Xanterre works are to he attributed, and which have 
been the cause of the works being closed. An a pjMirutiiH such 
as we have described, costing 20,000 francs, wall treat 100 c.m. 
of ammoniacal liquor per twenty - four hours, and yield the 
equivalent of 0 to 10 kilos, of aminonium%ulphate per cubic metre. 
The water from stteh an apparatus still contains, however, all 
the fixed salts of ammonia, representing 2 to 4 kilos, of ammonium 
Bulpha^e per c.m. Many of these apparatus are at work round Paris, 
in the w r orks of the Lesage Company* and of the Crhaiue Company. 
The Parisian Company de Yidanges et Engrain had put up ten of 
them in their works at Xanterre, which are now not employed. 

3. The Lair Apparatus. — With the apparatus which we have 
just described, the ammonia existing in the fixed state in tho eaux 
munrs , especially that in the form of phosphate, sulphate, and 
hydrochloride, is not extracted; there is obtained only the carbonate 
and sulphide which are carried over by the water vapour. Tho 
sulphate and hydrochloride result chiefly from the addition of 
metallic salts to the contents of the fosses, in order to disinfect 

1 The Lesage Company treats 1IJ00 to 1 400 in. of s** tinge daily : 250 at Billancourt, 
400 at Alfort, 600 at Aubervilhers, and the remainder at »ma]l e^tabliahiuenta at Drancy 
an<! Nanterre. • 
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thorn before emptying. This causes the loss of a notably <fuantity 
of* ammonia, which it would^ be important to extract. Another 
defect in these appliances is that they dischfyge the exhausted 
liquors boiling hot, and recover only a very smgll part ofc their 
fieat ; these liquors, which are black and turbid, have to be passed 
through long channels or into tSnks to allow them to deposit their 
suspended matters before letting them run away. Lastly^ with the 
earlier forms, oidy weak solutions of ammonium sulphate ;ire ob- 
tained, which it is necessary to evaporate to obtain the crystallised 
wilt, an operation involving much expenditure of fuel. M. Lair has 
endeavoured to solve the diflicult problem of extracting the whole 
of the ammonia from the nnw rannes, of running away the residual 
water clear and cold, and of obtaining at once in the neutralisation 
vats crystallised ammonium sulphate, which can be fished, drained, 
and dried immediately. 

The arrangement which he has devised, and which was first set 
up at Bomly, is extremely ingenious, and has given excellent results. 
Although in practice, it lias shown some imperfections, it is still one 
of the best appliances at the present day for the treatment of clear 
cctux v<tnncs. 

Ijiir’s apparatus, shown in Figs. 3 and 4, consists essentially of 
four distinct parts 

1. A distilling colujfin of cast iron, A, 0 0 m. in diameter, and 
fro m. high. 

2. Two mud tanks, B, B, in which the tin bid boiling liquor from 
A is clarified before passing through the heaters. 

3. Two exchange heatcis, 4 (\ (\ for transferring heat from the 
exhausted liquor to fresh nut ntnnc. 

4. Two wooden vats lined with lead (K, K, Fig. .4), for the 
absorption of the ammoniacal vapours from the column. 

The column consists of twenty-five similar plates, each furnished 
with a single shallow inverted cup of cast iron, with notched edges. 
It is heated by steam, brought from a boiler by the pipe V, 20 
mm. (J in.) in diameter, and with an adjusting stop-cock. 

A pump, 1\ driven by gearing, lifts the eau caiuu from *the 
settling tanks and passes it continuously through the heaters C, C, 
into the column A, by the pipe r (Figs. 3 and 4). This liquor, 
heated by passing through (', C, enters at the twentieth plate, then 
descends gradually from plate to plate in the column, parting with 
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most of its volatile aramoniacal salts. By a pump cftivtn by 
the* same gearing as P, a # qu*yitity of milk of lime is injected 



Flo. 4.— Elevation showing tho Arrangement of the various partB of loir’s 
Apparatus. 


A, Cast-iron column, consisting of 
plates, each carrying a single in- 
verted cup. r 

a, Pipe conveying the exhausted hot 
liquor to tho mud tanks, B, B. 

B, B, Mud tanks. 

C, C, Exchange heaters. 

c, Pipe convoying the van ran nt to 
tho oxohange heaters, 
rf, Pipe for injecting milk of lime into 
the column. 

Pipe conveying tho hot liquor to 
the column. 

/»/', Pipes for the escape of uncondens- 
able gases, 


ft, Pipe for convoying the vapours from 
the column to tho acid vats, 
K, K. 

K, K, Wooden acid vats with lead linings. 

/, /, Sulphate of ammonia drainers 
M, Churn for making milk of lime. 

P, Pump which lifts the eau t'anne 
from the settling tanks, and con- 
voys it to the exchange heaters 
C, C, by the pipe c. 

S, Exit pii>o for tho exhausted, clear, 
and cold liquor. 

V, Steam pipe for heating the column 
and the casing of the tube h. * 


through the pipe d into the column at a situation where the only 
ammonium salts leff are the fixed sulphate, phosphate, and chloride, 
which would »remaiu in the residuary liquqrs, and somp ammonium 
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sulphid#, which, although less volatile than the carlioiiate, would be 

carried off, and would yield flulplgu retted hydrogen, and ev&i 
deposit sulphur in .the acid vats. At the foot of the column the 
exhausted boiling liquor, rendered turbid by the lime and tli^ 
insoluble lime wilts in suspension, is^coftvoyed by Jhe pipe a first 
into the two mud Rank's, B and B, where it clarifies in consequence 
of its slovi rate of How through these vessels, the diameter of which 
is 18 in., and height 2 m. The liquor roaches the first vessel, 
B, through a wide cylindrical tube reaching nearly to the bottom of 
the tank, as shown in Fig. 4; it then rises slowly, and flows over 
by a side pipe Into the similar tube of the second vat. From 
the last it finally issues quite dear, and passes in succession 
through the heaters C and These heaters are fitted with 
vertical tubes, round which the hot exhausted liquors are made to 
circulate, whilst fresh cold liquor injected by the pump P, passes 
through the tubes in an opposite direction. On leaving the two 
heaters by S, the exhausted liquors are delivered clear and cold, 
and can bo allowed to run away without inconvenience. By 
passing through the two heaters the fresh liquors are brought up to 
about 90 to 95°; they then enter the column at the twentieth plate, 
as was said above. 

The matters in suspension in the liquors which issue from the 
column accumulate gradually in the mud tanks, and would in time 
fill them completely * Their level is ascertained from time to time 
by gauge-cocks, and they are removed as required into wrought-iron 
waggone through stop-cock pipes in the bottoms of the vats. An 
inverted cup of cast-iron, with serrated edge, placed over the open- 
ing, prevents the pipe from getting choked. After the cleaning 
out of a mud tank the course of the liquois from the column is 
changed, so that it becomes the last through which they pass. 
During the first heating of the ran rttnnc foul gases are evolved, 
which are allowed to escape by the pipes /,/' (Fig. 4). The vapours 
which escape from the column consist of steam, ammonium car- 
bonate. free ammonia, and fetid, uneondensable gases. This mixture 
is passed into the sulphuric acid contained in one of the lead lined 
vats, where the ammonia is retained as sulphate, whilst the carbonic 
acid and the uncondensable gases escape. The pipe h, which 
carries these vapours to the vats, contains a steam tube, which 
prevents any^ obstruction from being caused by a # defosit of 
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ammonium carbonate. The water, saturated with ammmifcm car- 
bonate, which is condensed ^n the pipe by the cooling action of 
the air, escapes into a receiver through a small tap not shown 
jn the figure, and is returned to the apparatus. The sulphutic acid 
in the vat gradually hecoirtes neutralised, and ammonium sulphate 
Boon separates in small crystals. When neutralisation is completo 
the vapours are turned into the second vat, whilst thp contents 
of the first cool and deposit a fresh quantity of the salt. The 
mixture is stirred from time to time to cause the formation of small 
crystals, and the salt is then removed to leaden drainers above the 
vats; it is finally dried on plates of wrought iroif placed over the 
flues of the steam boiler. The mother liquor of the salt is mixed 
with a fresh quantity of sulphuric, jirid, and in its turn receives the 
gases from the column. 

The milk of lime requires to be prepared with some care; it 
must he free from stones, which would choke the pipes, and should 
have as uniform a composition as possible. To obtain this result, a 
weighed quantity of good lime is slaked, sifted to separate stones, 
and mixed with a Known amount of water in the churn M, the 
paddles of which keep the mixture stirred. It thus becomes easy 
to introduce an exact quantity of lime into the column by means of 
a pump throwing a known volume. # M. Lair’s apparatus will treat 
about HO c.m. of can wnne every twenty -four hours, extracting 
the ammonia of the fixed salts, and runimfg off the exhausted 
liquors cool and clear. 

The black sediment from the mud tanks is thrown inta heaps, 
whero it drains and dries readily, losing its colour by oxidation ; 
it gives oil’ no smell, and as it consists essentially of lime salts, and 
contains a small amount of fertilising agents, especially calcium 
phosphate, it is used as manure on the neighbouring Helds. 

On the occasion of a visit some years ago to the works of M. 
Lair at Bondy, there were four sots of the above apparatus in exist- 
ence, capable of treating *200 cm. of can vanne per twenty- 
four hours. The liquors which were under treatment at that time 
contained only 2'5 grins, of ammoniacal nitrogen per litre; they 
yieldod 11*4 kilos, of ammonium sulphate per cubic metre, and re- 
quired the combustion of 1*8 kilo, of coal per kilo, of sulphate obtained. 
The liquors which were run off contained only 0*0(3 to 0*1 grm. of 
nitrogen* p^r litre. Even with these unfavourable conditions, 
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crystallised, ammonium sulphate was obtained directly in the 

saturation vats, a result due to the slow speed of the operatic, 
and to the presence of free ammonia in the mixture, which, being 
itself \*ery volatil#, assists in carrying off the ammonium carbonate. 

This apparatus presents several important. improvements on the 
preceding, both from the i>oint of view of public health and that of 
the manufacture of ammonium sulphate. An objection to it is, 
however, that it treats a comparatively small quantity of the out 
viuuic, and that the column requires frequent cleaning to remove 
the deposits produced by the lime. 

4. The Aji/xtratitx of Sint icr ami Main 1 . MM.Smtier and Muhe 
have made \aluable niudilications in certain pm turns of the preced- 
ing apparatus. Jhe.se modifications pioducc no change in the course 
nf the operations, hut allow a more pci feet result to he obtained. 
They consist essentially in tin* combination of the mud tank and 
the exchange heater into one vessel, ami in a di Hermit method of 
using the lime intended for setting flee the ammonia of the fixed 
wits. In Lair’s apparatus the mud tank and the heater an* dis- 
tinct, a consequence of which is that the liquors fiom the column 
ire much cooled by the sm lounding air before they airive at the 
aeater ; and further, the mud (Mines away heat which cannot, bo 
recovered. The combined mud tank and heater of Suit icr and 
Muhe is intended to remedy those two Refects. It consists of 
/wo tubular \essels # (A and B, Fig f>). The tiisf, A, which is a 
icater resembling that of Lair, consists of a wi ought -iron cylinder 
containing a giouj) of tubes which connect tin* upper and lower 

mrts. The second, B, consists of frmr poitions (1) The Iowan 1 

diamber under the plate, which cairies the tuh(*s , (1?) a cylindrical 
vessel of wrought iron, supporting a cone, />, the apex of which is 

connected with a bent tube ending outside in a stop-cock, s, for 

drawing oil the deposit ; (.4) a second cylindrical vessel resting on 
the base of the cone, and open above for the removal of the mud 
which collects round the tubes; ( 4 ) a small upper receiver, con- 
nected with the lower chamber by a group of 'la to MO tubes. 
This receiver is fixed above the cylinder B, so as not to bo in the 
way when 'cleaning the tubes. The mux ronnes delivered by thy 
pump P pass through the tubes of the heater A, issue by the pi|>e 
/, and rise in the tubes of the vessel B, passing finally by the 
pipe C into the column. During this transit they agqufre heat 
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from th(? exhausted liquors which travel in the opposite direction.* 
These latter descend by <hc syphon-pijx* e, enter the cylinder J* 
at f, How over the cone b, enter the heater A at /*, and esen|>o by 
the pipl K completely cooled. The level at which the exhausted^ 
liquors stand in the heater 11, is sueji that the cylindrical portion 
d' is always about ^our-lifths full. The quantity of liquid contained 
in this portion is equal to that on the plates We have seen above 
that the introduction of lime into the column produces numerous 
obstructions, necessitating frequent cleaning. 

MM. Sint ior and Millie have completely icmedied this incon- 
venience by greafly augmenting the capacity of the tirst, chamber 
(d) of the column, into which tin* steam is admitted by the stop- 
cock V, and it is into this portmp of t lit 1 appaiatus that, the lime 
is injected by the pump />, which diaws it I'mm the mixer O. The 
lime is intini.itely mixed with tin* liquor by a stiner, which is 
shown in dotted lines. The tixed amnmniacal salts aie tlniH de- 
composed without fear of choking the appaiatus. The \apours from 
the column are passed into sulplunic acid in the lead-lined \at. 

5. Rdati'fds Ap/xintfi /^ — As stated in (’hap. II. § I, M. Ihlange 
has sought to solve the double pmblem <>f piodueing a manure of 
immediate utility to agriculture, and of nut allowing the escape, 
either into the ail or the waste, lupiois, of any but inodorous and 
imputrescible substances. We ha\c drsewhed the liist part of 
his process, that is tf> say, tin* separation of the ciude rnur ra/uirs 
and the production of liltei -press cakes, it lemains to desciihe 
the process of distilling the eleai liquor for the extraction of 
the ammonia. « 

The distillation is pel formed at minced pies.suie, so as to lower 
the boiling point of the liquid consideiably, and thus diminish the 
diluvium which would stall lesull fiom tin 1 tieatment of tliese 
clarified liquors. The airangemeiit adopted strongly resembles that 
in use in sugar works for concentrating the juice. It consists of 
four vertical tubular drums, closed air-tight, and heated by steam 
from a boiler. In these vessels the ammoniacal liquors are raised 
to a temperature of only GO to Go , which is suflicient to cause 
them to part with the ammonia they contain, in consequence of, 
diminished pressure, which is produced by a pump working during 
the whole operation. The ammoniacal vapours ^iven off from the 
heaters pass into a closed ^chest connected with the air-yuntp. In 
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■this lead-lined chest the mother liquors of a previotis ^operation 

are placed, and from time to time sulphuric acid is admitted. 
Samples of the liquor drawn from the chest show when the addi- 
tion of more acid is needed. Only small quantities can be intro- 
duced at one time, lest the action should he too violent. The 
ammoniacal vapours, before reaching the sulphpric acid, are passed 
through a weak solution of ammonium sulphate in an intermediate 
vessel. This scrubber, which acts as a safety vessel, can, in case 
of repairs being needed, take the place of the neutralising vessel. 
When it is judged that sufficient salt has been formed, the addi- 
tion of sulphuric acid is discontinued and the solution of sulphate 
iH evaporated, steam being introduced into a coil lying on the 
bottom of the vessel, and connection being made with the vacuum 
chamber. Kvaporution takes place very rapidly, and must not be 
pushed too far, lost the whole* mass should solidify and need to be 
redissolved. When the liquor is sufliciently concentrated, it is 
allowed to run out into a crystallise!* placed below. For this pur- 
pose the supply of steam to the coil is shut off, communication 
with the vacuum apparatus is closed, and air is allowed to enter; 
the hot liquor is then allowed to run out, and it crystallises on 
cooling. The salt is fished out as it crystallises, and is drained 
and dried. It is evident that th|p process avoids the production 
of the noxious vapouw* which result from the use of distillation 
columns, and which it lias not been found possible to prevent on 
the large scale. In our opinion, the only objection to this process 
is that it requires a very costly plant, which must wear eut very 
quickly. Nevertheless, a somewhat long experience at Ilondy has 
proved the efficiency of this process, which satisfies public hygiene, 
and would prevent the accumulation of pasty matters. 

(i. The Kucntz Process. — M. Kuentz has suggested a special 
method of treatment of the caux ronnes to avoid the escape of 
noxious products, which of late years, and (‘specially in Paris, has 
given rise to so many complaints. The vapours from the distilla- 
tion columns are usually, as we have seen, passed into sulphuric 
acid of 53°, in which the ammonia is converted into sulphate, 
whilst the carbonic and hydrosulphuric acids, with the vapour of 
water and the offensive gases which accompany them, are sent into 
the chimney of the works, or better through a furnace. Under 
these conditions the offensive gases are diluted with a large volume 
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of *carbotic acid arising from the decomposition of the ammonium, 
carbonate, which prevent^ the complete destruction of these gase* 
by heat and oxygen^ After cooling, tflie ‘gaseous mixture diffuses 
througli* the air, qnd the eflluvia, rafted by the wind, reach the 
earth at a greater or less distance from the works. • & 

To destroy these vapours, K*uent/. has proposed* to absorb the 
carbonic and sulphydric acids by lime, which would render the 
destructjpn of the odorous \apours, by passing them through a special 
coke furnace, easy and complete It was pointed out bv M. (Jirard 
that these vapours might he destroyed hy passing them over glow- 
ing coke. But these fumes, in the condition in which they issue 
from the apparatus, being nch in earhomc acid, are uicomlmstihle, 

and are only destroyed w'ith ditliculty. Kuent/s process, whilst 

* 

solving the problem completely , rcquncs a large amount of lime. 
Kuentz lias therefore pioposed, as a means of lendcimg tin 1 opera- 
tions more easy and complete, to acidify the \apours m closed 
vessels, and by double decomposition to tetain most, if not all, of 
the carbonic acid, the uncondensable gases can then he passed 
through a furnace and completely dest joyed. The following is 
tile process for obtaining the ammonium sulphate: Phosphate of 
lime is treated with dilute sulphune acid to set free all the phos- 
phoric acid ; the phosphoric acid obtained is neutralised hy stmng 
ammoniacal liquors, prepared as we shall see^uLher on. Ammonium 
phosphate is thus obtained, which is e\aporuted. The calcium 
sulphate, obtained in tin* treatment of the phosphate of blue hy 
sulphune acid, being heated with eonecntiated ammoiiiaeal liquoiH, 
or hy the gases from the column, yiehjs ammonium sulphate, which 
remains in solution, and calcium carbonate, which precipitates or is 
sejiarated by filtration. Operating thus, then* is no disengagement 
of carbonic acid ; the neutralisation and evaporation of the liquors 
takes place in closed vessels, and the uncondeiisablc gases which 
issue from the apparatus aie passed through senihhcrs containing 
lime ami oxide of iron, and then through a serial furnace, where 
they are destroyed. This process is somewhat long, hut is very 
reasonable. 

7. Process and Apparatus of Jfennrhuttc and Vaun'al .—- This 
process is worked by the Socicte anonyme des produits chimi- 
que du Sud-Ouest. It consists in treating the entire sewage 
witt 2 to 3 thousandths of zinc sulphate atfd 5 thoiftaudths 



3U . • AMMONIA AND ITS COMPOUNDS 

• • 

.of aluminium sulphate, then allowing the mixture to # settle, and 
lunning off the clear liquor, which is sent to the ammonia 
stills. The deposit is trdhtefl. with a further quantity of the same 
chemicals, then forced into filter presses by compressed ^ir. In 
# this way very firm filter-press cakes are obtained, which are easily 
dried by simple exposure to* air hr in stoves, and clear filtrates, 
which are added to the former. By the use of the sulphates of 
zinc and alumina tho liquors are desulphurised, and tlie alumina 
precipitate assists the separation of the solids. The dried .cakes 
contain 3 to 4 per cent, of nitrogen and 3 per cent, of phosphoric 
acid. The apparatus devised by Hennebutte and c .Vaureal is shown 
in Fig. 6 ; it consists of three rectangular boilers, A, B, C, of cast 
iron, forming one chamber, and arranged so as to give a continuous 
fall. The boilers B and C contain vertical partitions b and c , which 
are fixed 0 * 1 in. from the bottom, so as to force the vapours 
from tho lower boilers A and B to bubble through the contents of B 
and C, and keep them agitated. At the upper part of the apparatus 
there is a rectangular vat D, containing a condenser formed hy an 
oval wrought-iron tube E, connected with the boiler C by a wide tube e. 
The pipe F, which is the outlet of this condenser, carries a valve/, 
which allows a partial vacuum to he maintained in the apparatus. 
This pipe is connected with a chest (1, for the reception of the 
condensed liquids, or to «pass them at pleasure into another chest H, 
which is heated by the boiler A, the top of which forms the bottom 
of II; a pipe with stop-cock allows II to be emptied into B. Lastly, 
the pipes g and h allow the ammoniacal gases to pass into a sul- 
phuric acid vat, where they are retained as sulphate. The wrought- 
iron tank K is intended to receive the exhausted liquors issuing 
from the last boiler, and the tank L, which is fed with the hot 
liquors run off, contains a series of iron pipes through which the 
fresh can vanne circulates, and where it becomes heated before 
entering the measuring vat M, and then the boiler C. The 
apparatus works in the following manner: — The crude can vanne , 
arriving from an upper reservoir, fills the chamber 1) of the con- 
denser ; it then runs down by the pipe d into the system of thbes 
in the tank L containing the hot exhausted liquors, aud becomes 
heated to about 80°. It then rises by the pipe m into the measur- 
ing vat M, which is connected by a wide stop-cock with the boiler 
C. Thence it parses into that boiler, where it reaches about 90°. 
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In* this toiler it parts with most of it* volatile ammonia, which is. 
driven off by the currqpt of mixed vapoure arriving from lh« 
other boilers. The, ninmoniaeal va|m!irs*|>ass into the ooudenser, 
where they ate coaled, and by thus diminishing in volume province 
a partial \ucuum in the apjmratus, which permits Phe liquid in the* 
boiler C to boil at 90°. When ‘the liquid in the lo'wer hoiler A is 



Fm. 0. — Appaiatus of Hennchutto and Yaureal. 


A, B, C, Rectangular wrought- iron hoilois. 

D, Wrought-iron tank which receives tiff* 

crude eau mane employed to cool 
the condenser K. • 

d, Pipe which conveys tin* >au mn,t> to 

the heater L, 

E, Oval jvrought-iron pipe, which s< m*> 

as condenser. 

e, Pipe by which the vapours mu h the 

condenser. 

F, Exit for the amtnoniacal \ajKnnsand 

the concentrated solutions produce ! 
in the condenser E. 

/, Valve. 

0, Receiver for the concentrated solu- 
tions. 


11, Chest for the distillation of the 
eojicent rated solutions. 
g, /;, Ex if for the aminoniueal vapoius 
to the acid vat. 

K, Vat for the reception of the till hid 
exhausted lnpioiH. 

E, Heatei. 

M, Meiisunng vat. 

m. Pipe hy which the^/u vamu rea< lies 
the measure. 

N, Plug for mtiodm mg milk of lime. 

O, Si taper for cleaning the bottom of 

the boiler A 

s t (, u, Stop-locks for emptying the 
boileis C, 15, A. 

V, Steam -cock. 


exhausted, it is run into the settling tank K, that from B takes 
its place in A, the liquid from C passes into B, and C receives a 
charge of fresh eau vanne. Slaked lime is introduced into A hy 
a plug-hole N, which serves at the same time as a safety-valve* 
The proportion of lime added should be sufficient to decompose all 

the*fixed salts existing naturally in the eau vanne 9 or resulting from 

• • • 
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.the sulphates of zinc and alumina introduced. When •thf. boilers 
are thus filled, a new operation is commqjiced. The apparatus is 
heated by a steam jet introduced into A, Thp vapours from that 
boiler [miss successively through the liquids contained in *he two 
Others, which tlfus become •methodically deprived of their ammonia. 
The liquids condensed in the Jooler are very rich in ammonia and 
ammonium carbonate ; they are collected in the vessel G, then flow 
into H, whilst the ammoniacal vapours pass by the pipe g to 
the acid vat. The concentrated solution in II becomes heated by 
its contact witli A, and gives up the greater part of its ammonia, 
which passes off by the pipe h to condense in the sulphuric acid. 
An apparatus of this kind has been fitted up at Villejuif, near Paris. 
Another is at work at Fribourg en Hrisgau (lladen), and treats 25 
c.m. of eau vanne per twenty-four hours, producing crystallised 
ammonium sulphate in the neutralising vat. 

§ :i. Treatment ok Entire Sewage. 

1. Che raid's Apparatus . — The preceding apparatus will treat 
only nearly clear eau ranne. Chevalet has devised an apparatus which 
permits the treatment of turbid liquors or even of whole sewage, 
without consuming more lime than is required by the fixed salts. 
This apparatus, showy* in Fig. 7, consists of three cylindrical 
wrought-iron boilers, A, 11, C, one above the*. other, through which 
the material to be extracted is passed in succession. Each of these 
boilers contain pipes h , h, which cause the gases from C to bubble 
through the liquors; and overflow pipes p> p, which maintain the 
level constant in the two upper boilers, and cause a continuous flow 
of the liquors into the lower one. The steam from a boiler intro- 
duced by the pipe V heats the liquor in C to boiling ; the mixed 
vapours pass into 11 through the branched pipes h , becoming richer 
in ammonia, and finally reach the boiler A. These enriched vapours 
ore then sent to the tank I), containing fresh liquor, which they 
heat whilst undergoing partial condensation. They then pass by 
the pipe E into sulphuric acid, where the ammonia is retained as 
sulphate, whilst the water vapour, carbonic acid, aud lioxious un- 
condensable gases are collected by the bell F. These products are 
then sent through the coil G, cooled by fresh liquor, where most 
of the^water valour condenses. The condensed liquid runs oxft by 
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the pipe^r, .whilst the gases nre delivered by L below the lairs of- 

a furnace to be destroyed Into the third boiler C a pump throw* 
a quantity of milk .of lime equal to ‘about (i to 7 kilos, of lime 
j>er cubic metre oh mu run nr, which quantity is required to dccom- 
jHise the fixed salts. The ammoniui^ sulphate soltifion is concen-* 
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A, B, C, Wrought-iron hoilcis, cased with H, Kntry for the can mnur. 

wood to prevent external cooling. K* K,' K,' Vahcs lot emptying t lio 

I), Wrought -iron vatoontaming'di/ raum , three hoih is. 

through whicli passes the coil («. //, n t n, W iitcr-levcl gauges. 

K, Pi|K5 leading the ainnionnieal vdjtours p, p, Overflow jujms to regulate the 

to the sulphuric acid \at. level of the liquors in A and B. 

K, Bell for collecting the uncoiuh nsahh- L, Pipe conveying the imcoiidcnscd 
gasc«. gases to a furnace. 

Condensing eoil. M, Steam eod for concentrating the 

(j, Exit pipe for the liquids condensed I ammonium sulphate, 

in G. I 

trated by a steam coil, the salt fished out, and drained on inclined 
plates. Otfce an hour the exhausted contents of the l>oilcr C are # 
drawn off by the valve K, those in 15 are drawn down by K' into 
C, and those of A by K" into 15, and the upper boiler is then filled 
f“~n D by opening the 8h»p-cock H, which permits fresh yqu&r from 
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'the overhead reservoir to rise into 1). In this way'thle liquids 
which have been freed from their volatile salts are treated with 

lime to decompose the fixed salts, and are only run off after pro- 

, longed boiling, which exhausts them as completely as possible. 
The boiling residual liquors (’.re then passed into a vessel, where 
they give up much of their heat to fresh liquors. 

When very turbid faux vanncs, or entire sewage,, is treated, 
tho residuary liquors are passed through channels in which they 
doposit their suspended solids. Or, more simply, they may he 
passed through filter presses, yielding cakes, which when dry 
contain 5 to 6 per cent, of phosphoric acid, and* 2 to 2 per cent, 
of nitrogen. Filtration is easy, the lime having modified the 
albuminous matters, and the drying of the cakes is very rapid. 
Tho filtrates are yellowish ; they contain only salts of potash 

and soda, and a very small quantity of ammoniacal nitrogen, 

varying from 2 to 5 ten-thousandths. They may he allowed .to 
enter the watercourses without inconvenience. A Chcvalet appar- 
atus, with boilers O H m. iu diameter and 0 8 m. high, will treat 
4000 litres of mu vnnne per twenty-four hours. 

Large installations on this system luivo five or six superposed 
boilers, in some cases o m. in diameter and 0*7 o m. high. The 
upper chamber serves for breaking the froth, and warms the 

liquor before it enter. 1 , the first boiler. 

Fig. 8 shows the arrangement of one of these large 
installations. 

The mu mnne is raised into the tank A. It flows down 

into a heater 11, immersed in boiling exhausted liquor ; it then 
rises into the vat (’, and passes by the pipe c into the froth 

chamber J), where it meets the vapours rising from the last 

boiler E. It then descends successively and intermittently through 
the boilers F, (J, II, I, and J, undergoing methodical exhaustion. 
In tho lowest of these it receives the charge of lime necessary 
for tho decomposition of the fixed salts; it Hows after exhaustion 
into tho cistern K, from which it passes either through settling 
channels or into a filter press to separate the solid matter. The 
vapours from the top boiler are enriched in the heater D, and 
enter tho acid vat under the hell L. The vapours which escape 
absorption rise through the coil M, where the water vapour is 
Condensed, whilst the gases pass to a furnace. 



Fio. 8 . — Installation of a large Chevalet Appaiatus. 

A, Reservoir of eau •'anus. K, F, (1, H, I^J,. Boilers. 

B, Heater. K, Tank for re<**j*tion of exhausted liquors. 

C, Worm tank. • • L, Bell for <ol lotting iftiahsorl>c*d tjaaes. 

e f Pipe delivering the viu vtinne t<f the M, Coil for cooling the v^ours wnich are 
column. 9 * not stopped by the acid, 9 

D, Heater and froth separator. Pump for milk oflime. 
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According to M. Chevalet, an apparatus on his systerj, which 
will treat 50 to 100 c.rp. of tan mnnc*\)e r day, will consume 
25 to 30 kilos, of coal and 4 to G kilos, of lime per cubic metre 
freated, and 90 to 95 per cent, of the ammonia will he extracted. 
With smaller apparatus, tfrea^ng ,10 or 12 c.m. in twenty-four 
hours, the consumption of fuel will he 35 to # 40 kilos., and the 
same proportion of lime. , 

Apparatus on this system, treating whole sewage, is at work 
in a large number of towns, such as Dijon, Havre, Lyons, Nice, 
Nanterre, Reims, and St. Quentin. 

The Chevalet apparatus is equally applicable to the treatment 
of ammoniac, al gas liquor. 

2. Paul Malld's Apparatus. — ^1. Paul Mallet in 1881 set up 
at the works of the Bordeaux Society do Yidangos et Engrain, 
at La Tresne, near Bordeaux, an apparatus for treating turbid 
eauu' vanncs or entire sewage, with the object of manufacturing 
ammonium sulphate. 

The special feature of this apparatus is the constant mechanical 
agitation of the materials with lime during their passage through 
tho column, after the removal of the volatile salts. Fig. 9 repre- 
sents this ingenious apparatus, partly in elevation, partly in section. 
It consists essentially of live principal parts 

1. A tubular heatef A. 

3. A tubular analyser R * 

3. A column C, built of cast-iron, 1'4 m in diameter, on 
the Champonnois system, the upper part of which acts, as an 
analyser, and as a dephlegmater beyond the point where the 
materials are introduced by the pipe c. This column is supported 
on a base plate D, with large openings, which rests on the mixing 
column E. 

4. A column, 2 m. in diameter, constructed of plates, on each 
of which revolves a mechanical stirrer, keyed to a vertical axle c, 
driven by a pair of toothed wheels. 

5. A double-bottomed mud tank F, on the Antony system, 
for running off the exhausted liquors. The muddy deposits are 
emptied into the waggons W, whilst the clarified boiflng liquors 
pass into the heater A, and are drawn oil by the pipe s after 
complete cooling. f 

The wjfole apparatus works as follows: — The sewage is lifted 
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by pumps through the pipe a into the heater A, where* it? passes 
through the tubes, cooling the exhausted liquors wfiicb travel 
in the opposite direction before issuing by tin* pipe $. It then 
rises through the 4-inch pipe b into the anatyser B, where it 
is still further t 'heated by* circulating round the tubes of the 
rectifier 0, Issuing then from the analyser by the syphon c, 
it enters the column C at the tenth chamber, and t descends 
regularly to the bottom, where it is delivered by the pi]*; d to 
the column E, furnished with the stirrers. During this passage 
the volatile salts of ammonia arc carried off by the current of 
steam rising from the lower column K by the* pipe L The 
vapours pass through the rectifier C, where they are enriched 
with ammoniacal products, and tlujn through the analyser, where 
they part with most of their water, and from which they pass 
by the pipe T to the sulphuric acid vat. The uncondensed gases 
arc as usual sent to a furnace to be burnt. Before entering 
the column E by the pipe d, the materials which have lost their 
volatile ammoniacal salts are mixed with milk of lime, pumped 
in through the pipe K, to decompose the fixed salts; the pro- 
portion used being 8 kilos, of lime per cubic metre. This mixture 
descends from plate to plate as in an ordinary column, but is 
kept in a state of constant agitation by stirrers, working below 
tho inverted cups, an<J‘ driven by the shaft r. Lastly, the 
exhausted products, mixed with lime and liriie salts, issue from 
the column E by tho syphon m, and pass into the mud tank 
F through a wide descending cylinder. The solid matter*} settle 
rapidly, in consequence of Abe comparative quiescence of the 
mixture in the mud tauk, which is 2 in. in diameter, and owing 
further to the coagulation of the albuminoid matters by the lime. 
The clear supernatant liquid flows over to the exchange heater 
A, where it gives up its heat to fresh sewage, and whence it 
issues, cooled and clear, by the pipe 8. The sediments are removed 
from time to time by opening the valves in the double bottom. 
They may be put through filter presses to obtain cakes which 
can be easily dried, and clear filtrate, which is run away. The 
beating of tho whole apjwiratus is performed by direct introduction 
of steam from a boiler by the pipe V, ins, in diameter, 
which enters at the bottom of E. 

ThiA apparatus will treat 65 c.m. in twenty - four hours. 



AMMONIAC A L PRODUCTS FROM SEWAGE 39 


It *does »ot. require frequent cleaning, and exlmuste the materials 
very completely. 

The cleansing of the connection* tff the lime chambers is 
facilitated by the^use of projecting pijies, with 4-way connectors, 
which can be cleaned by the simple rymoval of 4he caps. • 

Several sets of apjKiratus oh tllfs system havtf been working 
for some years, and* have given excellent results. 

3. Lencauchez Ajyxiratus.- -This apparatus is intended to 

work*at a pressure much lower than that of the atmosphere, and 
to yield either ammonium sulphate or chloride, or even liquid 
ammonia. „ 

The sewage is prepared as described in ('Imp. II. § 1, according 
to Lencauchez’ process. The apparatus consists essentially of two 
distinct parts: one in which the cavx ramies are exjosed to the 
action of steam at a reduced pressure, to extract the dissolved 
gases and the volatile ammoniacal salts, which me then converted 
either into sulphate or chloride ; the other, in which these liquors 
are subsequently heated with lime, to decompose the fixed ammoni- 
acal salts, coagulate the albuminous matters, and facilitate their 
settling. We will briefly describe the various parts of this 
apparatus. 

The fi rst part, called the barometric chamber (Fig. 10), con- 
sists of a wrought- iron cylinder A, 2«2 m. in diameter and 
3*4 m. high, fixed a^the top of a vertical hollow cast-iron column 
B, about 10 m. high, ending below in a syphon c, for the escape 
of the exhausted liquors. This vessel is called the barometric 
chamber, because a somewhat considerable vacuum can he main- 
tained in it by air-pumps, which continually remove the gases 
and vapours given off by the mux v annex. These gases are passed 
into another vessel, where the ammonia is neutralised by sulphuric 
acid, whilst the exhausted liquors can escajMj freely at the lower 
part of the liquid column, which is supported' by the pressure 
of the atmosphere. This chamber is divided into three conqiart- 
ment8, eacli of which contains a small turbine T, the three running 
on the same vertical axle, and driven by an external pulley p. 
These turbines scatter the eau ranne in the form of spray, to 
facilitate the escape of its volatile constituents. s 

The can vanne , arriving by the pipe a, flows into the first 
tufbine, which throws it against the walls of the • chamber. The 
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A, Barometric chamber. 

a, Entry for the am amn<\ 

B, Cast-iron column supposing A, and 

solving foi the escape of the ex- 
hausted liquor. 

0, Syphon cup for the escape ol the 
exhausted liquor. 

K, Entry for steam. 

0, Pipes convoying the vapours to one o| 
tho absorption vessels, and con- 
nected with the air-pumps. 


K, K\ Absoiption vessels. 

/, PijK> for intioducing acid. 

M, M', Pijh's carrying the vapours and 
uncondensable gases to the air- 
pumps. 

P, T, T, Turbines for splaying tho 
liquids. 

S, S, S, Syphon cups for di awing oir the 
solutions of ammonium salts. 


ammoniacal salts, it Hows freely away down the coliuim B into 
the cistern 0. Ihe waste steam from the engines of the works 
entering at E, raises the can vanne to ebullition, and is itself in 
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great p&rt* condensed. Lastly, the partial vacuum is maintained 

constant in the apparatus by the action of three air-pumps 
communicating with the barometric clfumler. As may l>e wen, the 
gases and volatijp ammoniacal products are extracted from the 
liquors in this apparatus — 1st, by tin? rise of temptuature produced 
by the waste steam of the engines; 2nd, bv the action of a partiul 
vacuum; 3rd, by the subdivision of the liquor into spiny by the 
turbine^ The vapours and gases issuing from the barometric 
chamber by the pipes F and (I, pass through an absorption 
chamber constructed on the same principle as the preceding, but 
of smaller dimensions. As shown in the figuie, two of these 
absorbers may be attached and worked alternately. 

Kach of the absorbers consists of a large e>linder K, 1 75 m. 
in diameter, furnished with a seiies of horizontal shelves, over 
which the acid (lows in thin sheets, whilst the gaseous current 
gravels in the opposite diiection on its way to the air-pumps. 
The quantity of acid sent into the absoibcr, and the time of its 
contact with the gases, are such that all the ammonia is absorbed, 
and the acid completely neutralised. The solution of ammonium 
sulphate thus obtained flows over from the syphon cup S into an 
evaporation tank. The tube M or M", according to the absorber 

which is at work, carries oil* the excess of steam with the carbonic 

• » 

and hydrosnlpliuric acids to the air-puiAps, which deliver them 
into a cooled vessel* where the steam condenses, whilst the un- 
condensable gases are sent to a furnace. 

Thy condensed vapour, still containing a little ammonia, which 
has escaped absorption, is sent into tjie lime chamber to In* treated 
with the can ranne from the barometric chamber. 

The second part of the apparatus intended for the decom- 
position of the fixed salts is almost identical with that shown in 
Fig. 25, p. 83. It consists of a horizontal cylinder 3 m. in 
diameter and G in. long (Fig. 1 1 ), through the whole length of 
which runs a shaft with paddles, which is driven by machinery, to 
promote the intimate mixture of the liquors with the milk of lime. 
This shaft carries seven discs, which cheek the speed of the gaseous 
current. 4 

ft 

The cylinder is divided into eight compartments by seven parti- 
tions, c , c, c, perpendicular to its axis and at equal distances apart, 

as shown in Fig. 11. The first, on the left, readies to tin* middle 

• » • 
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Qf the cylinder, and*each of the others is 0*15 m. sorter fchffa 
the one preceding it. Into the second comjmrtment there enters a 
pipe V, bringing waste st'eanl from one or more engines; finally, 
above the last chamber there is a distillation column with wjought- 
lron plates. To avoid tjie choking which might result from 
materials being* thrown up \>y the* ebullition, the lower chambers 
of this column are not provided with inverted* cups. The upper 
part of the column in Fig. 25 is connected with two return coils 
c, c' } from which crude liquid ammonia flows into a reservoir. If 
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Fin. 11.— Lciicaunhcz* Appafiitus. Vcitical Section of the Boiler for Decomposing 
the Fixed Salts. • 

A, Wrought-iron cylinder in which the </, d t Wrought-iron discs fixed to a re- 

fixed salts aie decomposed hy volving shaft. 

lime. K, Entrance for the milk ottime. 

a, Entrance of flu' can vtume. « m, m } Stirrer. 

B, Caseado column. .s, Syphon for the exit of the ex- 

c,c, Fixed paititioms of wrought-iron. liausted can rann<\ 

I V, Entiy for steam. 

the manufacture of the sulphate is aimed at, the coils being less 
cooled, the ammoniacal vapours from the last coil should be carried 
into a sulphuric acid vat. The can vaunt' which has been deprived 
of its volatile ammonium compounds is introduced at a into the 
third chamber of the column ; it Hows down in thin layers and 
enters the cylinder F, where it becomes mixed with tfie milk of 
lime. The ammonia of the fixed salts, set free by the lime, escapes 
gradually in each chamber, and passes in succession from one to 
another bubbling up through a column of cau vanne contailiing 
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limfc, the height of which is limited by the heigfit of the partitions. 
The ammoniacal vapours^ mixed with steam, rise in the column? 
gradually getting richer, then pas throAgh'the coils, where they are 
deprived^of most of # their water, which Hows back into the column. 
Ultimately the gaseous products issuir^ from the terminal coil are 
conveyed into sulphuric acid, where the ammonia is retained as 
sulphate. 

The $aux van net, which become gradually exhausted as t hey 
pass through the comjKirtmcnts of the apjMirutus in the opjKJsite 
direction to the steam, escape at last through the syphon a into 
a large tank, whore they deposit their suspended matters. The 
liquor takes about half an hour to pass through the apjwmituH, and 
is gradually ami completely exhausted. 



CHAPTER III. 

EXTRACTION OK AMMONIA FROM CAS LIQFuu. 

§ 1. Ammoniacal Liquor. 

The vlislillution of coal in retorts for tins manufacture of illuminating 
ga« in, aw mentioned above, one of the most important sources of 
ammonia. Coal, under these conditions, yields gas, condensable 
products, tar, ammoniacal liquor, and a solid residue, coke, which 
remains in the retorts. In gasworks a yield of 10 kilos, of 
ammonium sulphate, containing 2 1 per cent, of nitrogen per ton of 
coal, is considered exceptional ; the French coals contain on the 
average 1 per cent, of nitrogen, the English as much as 2 per cent. 
The quantity of ammonia obtained is therefore far short of the 
nitrogen contained in the coal. Punster has recently shown that ' 
coke retains nitrogen, and, moreover, that during the distillation 
of coal, part of the nitrogen escapes in the free state. Forster’s 
experiments were made with coal containing 1*73 per cent, of 
nitrogen, yielding 74*40 of coke and 25*54 of volatile matter. 
The quantity of nitrogen contained in the tar is known to be - 
extremely small. The division of the nitrogen amongst the various 
products of the distillation was as follows : — 

Nitrogen as ammonia . . . 0*251 or 14*50 per cent. 

„ as cyanogen . . . 0*027 „ 1*56 „ 

,, remaining in coke . . 0*8*12 „ 48*68 „ 

,, not recovered, most of it 

being in the gas . . 0*610 „ 35*26 „ 

1-730 100-00 “ 

The yield of 0*21 per cent, of the nitrogen in the coal, obtained 
as amfiionia in the best works, is evidently very near the 0*251 

* 41 • V » 
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obtained *by Forster. The shite of combination in which the 
nitrogen exists in the coj^c is unknown, but it is not unreasonable 
to suppose that it is. as a polymerised f cyanogen, that is to say, a 
nitride o £ carbon. # lhe action of soda lime on the coke causes it to 
give up all its nitrogen. The comlei^eik water, amt that from tho 
washing of the gas, contains nearly all the ammonia produced by 
the distillation of the coal, the tar, after the separation of the 
entangled ammoniaeal liquor, retaining only a negligible pro- 
portion. The tar and ammoniaeal liquors are arrested in coolers 
and condensers called coke towers. The working up of the tar 
cannot well be carried out on the small scale; it is thereto! e in 
most cases done in special establishments, where it is separated 
into such commercial products as naphtha, benzenes, heavy oils, 
naphthalene, anthracene, etc. The ammoniaeal liquors, whose value 
is low, cannot bear cost of carriage; they are therefore always 
treated on the spot in simple and inexpensive apparatus. As they 
How from the condensers they contain tar, and require to be left at 
rest in large cast-iron tanks or large 4 briekwoik cisterns for its 
separation, so that the ammoniaeal liquor can be run oil' to be 
worked up. This decantation is of great importance for the 
manufacture of ammoniaeal products, for liquors containing tar 
do not work well, and give oft’ odorous curburctted vapoms which 
cannot be condensed in the acid employed absorb tho ammonia ; 
the result is an intgulur treatment, and complaints from the 
neighbourhood. Some ten years ago the Parisian (las Company 
provokcij by this means very serious complaints from the inhabitants 
of the district surrounding the worjvS at Vaugirard, where the 
separation of tar was imperfect. In consequence of these com- 
plaints, and following the advice of the Council of Public, Hygiene 
and Salubrity of the Department of the Seine, the Parisian Gas 
Company was requested to take measures for the purification of the 
workshops at Vaugirard, and to put a stop to a state of things 
prejudicial to public health. To conform with the requirements of tho 
administration, the Parisian Gas Company has set up settling tanks, 
which have proved completely satisfactory as regards health, os they 
now work ifp only clear ammoniaeal liquors, free from tarry matter 
The new arrangements adopted in the works at Vaugirard had for 
their object, as has been shown in the report of the Council of 

Public Hygiene, edited by M. Combes, Inspector-General of Mines — 

• • * 




Fm. 12.— Flan and Vertical Section of the 
flic Ammoniaeal Liquois i 

A, A, Pumps foi lifting tin* mixture of , 

ammoniaeal liquor and tar tiom 1 
the reservoirs (I, (i into tlio I 
upper tanks. 

B, C, 1), E, Tanks, connected near the 

top, for the separatum ot the water 
from the tar. 

F, Pipe and stop-cock for running off 

Che tar. * ! 

G, G, Vaulted hriekwork reservoirs for 


iseivons and Tanks tor the Separation of 
the Vanguard Woiks. 

the leeeption of the mixture of 
ammoniaeal liquor and tar. 

K, Pipe for leturnmg into G, G the 
tar which settles in the upper 
tanks. ' 

M, Steam engine foi driving the 
JHimjKS. 

S, Draw -ot! of the ammoniaeal liquors 

for distillation. 1 

T, T, Exit valves of the pumps. 
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1. > ’separate as perfectly as possible the tar from the* 

ammoniacal liquors, before transferring these to the boilers for 

• • 

distillation with lime. 

2. To preven4 the escape of ammoniacal vapours when the 
lime is introduced and mixed .witlifthP liquid. 

3. To prevent # the evolution in the works of emp\ reumutie 
vapours fi*un the sulphuric acid \ats which reeci\e the products 
of the distillation, bv causing these vapours t < » pass into one of the 
ehimfiey stacks of the works, the walls of which air al\\a\s at a 
temperature higher than a dull red heat. 

To promote ttie separation of the tar, the ammoniacal liquors, 
on leaving tin* coolers, arc sent into laige btickwork icservoirs, 
((»,(», Fig. 12), forming the bastynenf of a special building, in the 
upper part of which an* situated four large tanks, protected by a 
roof. 

. On the ground floor are the pumps A, A, which raise the 
mixture in tin* icseivoirs (i,<l into tin* uppoi tanks. A steam 
engine M drives tlu*se pumps. The foui tanks \\, ( ', 1 >, K eom- 
municatc with one another at the tops . the liquor delivered by 
the pumps into the tank I> passes in succession through ( ’, 1), and 
K; tin* greater part of t lie tar settles in 1* and (\ a veiy small 
amount separating in tin* otluy tanks The ammoniacal liquor, 
freed almost completely fiom tar, is diawn*oll by the jape S from 
the surface of the tank K, into gauge tanks at the upper putt of 
each set of stills. The tar wdiieh collects at the bottom of tin* 
first two tanks is drawn off by the tap F into wi ought -iron 
cylinders, in which it is conveyed the woiks at La \ r 1 1 lotto. 
This method of procedure )ields wotb regularity deal ammoniacal 
liquor, which, lading free from tar, is easily worked up. 

§ 2. Manufacttkk of Ammonitm Si limiatk. 

1. A. Mallet's Apparatus. — The nitiogenous suhstanecs in coal, 
being decomposed by heat during tin* manufacture of coal gas, 
yield cyanogen, fiee nitrogen, and carbonate, acetate, chloride, 
sulphide, tfnd sulphocyanide of ammonia, the latter of which are 
condensed by cooling, assisted by the water vapour which accom- 
panies them, and by that which is introduced into the scrubbers. 
These ammoniacal salts represent, aceoiding to Forster, Scarcely 
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15 per cent, of tin; mtiuguu win mined in the coal, whilst about 
.10 per cent. remaiiiH in the coke. Thg complex, tarry* liquid 
which is obtained from the 9 condensing apparatus constitutes the 
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Km. l.’J. — Hun ami Vertical Section of A. Mallet’s A|»j«uatus. 

so-callod “ gas liquor.” We have seen that, prior ttf any other 
treatment, the crude liquids require to be left to settle, and to be 
drawn off with great care to free them as much as possible from 
the taf they contain. 
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* The Parisian Gas (Van piny has adopled for tin* treatment of 
its gas liquors, the appiratns devised in 1S41 hy A. Mallet. This 



I )rst i ipt imi til I' 

A, First limit i . heat..! t In * 1 1 ly l>\ .1 tn «■ 

11, Second limit l, heated li\ tin* w i>.t *• 

111 lit of till' tilt*. 

f, Third lioih-i, heatnl l»y tin stf.un 
limn 1$. * 

I), Fmntli hmh r, whnh mmestlii < • m 
delist'd \\ ,itt i limn \ .• 

K, Janie hmlei 

F, Cli.iitfiiiK t.inh, i mit. lining .1 imidins 
mo coil. 

C», Tank whnh nnasiius out the . liaise 
fm one operation It is <011111<I1<I 
with the iharj'in# tank hy a stop 
eiH-k .it tin- hot t<»ni, m<l with the 
lilne limlri hy a tap at t h< top 
U, H, H. Stui. is. 

I, J, I’ijks cmmeitiii^ A with II, and l> 
with Im the emu 1 \ am <■ <<l tin 
amnioma< al \ajimiis. 

K, 1 ’ijio for empty B into A. 

L, Pijh* for emptying (' into Ik 

M, Pipe fm empty 111^ tin* lime l«nh r into 

B. 

N, I‘i|ie for eiopUm^ J> into (’. 


IK'S 1 5 and 1 I 

(), Pipe foi < mptyino tin \ess< M l n t < • 1 >. 

P, Till «* < < >11 \ « \ 1 1|0 the \.lpoll|s liom the 
lank F into ( J. 

K, Sulphate di.uner 

S, \ < ss( 1 l„i ?e. elMUK Hu ll<|tinls (Oil 
<1< n si <f hy tin- i ml in F, and < mi* 
m < t< d with the v< sse! Y 

1 ', < ’ml. < no ] e<l hy tin 1 atnmspheie 

F, Safety \ess. I, to pi<*\ 1 nt water fimn S 
pissing into tin ahsorpf mu vat. 

\ , ( '1 \ st.llllM 1 

r,a<l Vat to r<‘< H\e the .IlllllllIlKH 
fioill the silt 

\ , \ . ss. I will, h 1 e< < IV. s t In li.pmlh < mi- 
<|< ii'< d ill the < oils I' and T. 

/, Thi<< wa) < o< k hy wlmh the air in Y 
. .111 he < mu pi < ss. < 1 to empty that 
\< ss. 1 into D 

It, Pipe hy whieli tin Injnor fm tleat 
in. ut iiiim h. 

b, Pip* hy vvhn Ii tin .immoiinn al va|K)iirs 

(.ill he sent to a second flhsmhei 
(lining tin* empt)iiiK ‘*t the salt. 

c, 1* 1 1 w lm emptying Hu* hoihr A. 


apparatus, which at the present time is fitted up in the works 
of tjjie company, consists, as is shown in Figs. # 1,‘> and J4, of 
4 



50 


AMMONIA AND ITS • COMPOUNDS 

• , • * 

•four wrought - iron boilers, A, B, C, I), of unequal fapacify, 

ftrnished with stirrers, H, H. The two # first hold about *2 c.m. 
The boiler A is heated direAly by a coke firew; the second, B, by 
^.the waste heat of the fire; the third, (’, is not, set in tlie brick- 
work, and is heated simply the steam from the boiler B ; the 
fourth, D, serves as a scrubber for the vapours from the earlier 
ones. The covers of the three boilers A, B, C carry cast-iron 
pipes I, .1, the first of which reaches nearly to the bottom of B, 
and the second nearly to the bottom of (J. The four boilers 
communicate by the pipes L, M, N, furnished with stop-cocks, 
to allow the liquors in 1) to flow into (\ those «in (J into B, and 
those in B into A. The boiler A has also a draw-off tap, by 
which its contents can he run ^o waste. The boiler C is con- 
nected with i) by a three-way tap X; lastly, the vessel 1) is in 
communication with a cooler F, consisting of cast-iron pipes 
immersed in cold ammoniacal liquor, which is renewed as tip? 
operation proceeds. The vessels S and Y receive the liquids 
condensed in the coil T, this coil, which is cooled by the surround- 
ing air, is intended to stop the last portions of liquid carried off 
by the ammonia, which then passes into the sulphuric acid in the 
vat Y. This vat V receives the product fiom two sets of 
apparatus. (I is a measuring vessel, which receives the charge 
of ammoniacal liquor nil'ml which communicates with the tank ¥ 
by a tap at the bottom, and with the limo # boiler E by a tap /. 
The slaked lime for decomposing the fixed ammoniacal salts is 
introduced into the vessel E. Part of the ammoniacaj liquor 
passes directly from the meiwuring vessel into the boiler E, and is 
there mixed with the lime by working the stirrer. 

The following is the course of the operation : -The boilers 
A and B are charged with the crude liquor from (!, which is first 
mixed with the requisite quantity of lime in E, and passed through 
B into A. The vessel C is half tilled, and also the tank F, with 
the ammoniacal liquor. A lire is then lit under A, and the con- 
tents are stirred from time to time with the agitator H. The 
vapour produced passes into the boiler B, which it heats rapidly, 
and drives out the ammonia set at liberty by the lime. The vapours 
from the boilers A and B then pass into C and 1), where they 
deposit part of the water vapour carried off by the ammonia; they 
then pass through the coil in the tank F, where further condSnsa- 
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tion takes ••place. The liquor in this tank heroines heated, gives* 
ofl’ jvart of its ammonia. *\ Inch passes into the measuring vessel <5 
by the pijn? T, ami i* then* condensed.* Tin* impute products con- 
densed in the coik T aie collected in the \ossel S, and then llow 

• • 

into Y. The gaseous current phie^ Iffis traverse^ the cooler F 
passes on to the coil T, which is cooled hy the surrounding atmo- 
sphere, w lu;ro its tempeiatme is lowered to about 80 ; thu products 
condensod in this last coil also llow into the vessel Y. The 
amunfnia mint not bo cooled too much hefoie it is sent to the 
arid vat, as it is dcsuahle to promote the evaporation of the liquor 
in that vat so as fo obtain the sulphate diicetlv m the ciystalliue 
state. The liquids collected m tin* vessi'l Y are leturned to the 
vessel 1), by opening the thiee-w*iv tap, which produces a pressure 
on the sin face of tin* liquor in Wand the tap is closed again as soon 
as that vessel is empty After working for about four hours, the 
liquid in A is exhausted, the tin* is then diawn, and the contents 
run out into tin; diains A is then infilled with the contents of 11, 
and K n*ceives the liquor from C, together with a fresh charge 
from K, mixed with lime. When 1) becomes too full, it is emptied 
into C Hefoie the end of one operation the charge in h is pie- 
pared for the next, b\ opening /’ adffV allow mg the contents of (i to 
enter the tank F at the bottom.. As this tank is always lull, the 
liquoi entering below drives the hottest hquoi fiom the surface 
over into K. The hdl liquor in F is thus leplaced hy cold. The 
ammoniaeal liquor is in this way exliaustcd as it travels towards A, 
and the* vapours clinched as they pass m the opposite direction. 
Lastly, the cooling ot the vapours for* the lemoval of tin* greater 
pait of the moist im* which they eairy over, being effected hy crude 
ammoniaeal liquor, a gre.it economy of heat lesults, as only hot 
liquors are introduced into the hoi lei’s 

The absorption vats V (Figs. Id and 14), which aie about 
d m. long, 2 m. wide, and 0 7 in. high, and aie lined with lead, 
are covered dining the whole operation, the space under the 
cover communicates by a large pipe with an undeigiound brick- 
work conduit, which convevs the gases to one of the chimneys of 
the works, Vhere the tempciature is above a dull red heat. This# 
prevents the dispersal m the atmosphere of the volatile products 
which accompany the ammoniaeal vapours, and vvlii^h sejKirate as 
the latter are absorbed, ^hese products aie the moregabundant, 



52 


** AMMONIA AND ITS COMPOUNDS 

( # r * 

the lo$s perfectly tlie tar has been separated. When tire sulphuric 
abid in the vat V is saturated, the amnioniacal vapours are sent 
to a second apparatus, and tfie salt is removed by shovels to the 
drainer li, of wood covered with lead, whence P the liquid flows 
into a smaller' vat X, vne^suring 1*2 x 0*5 X 0‘4 in. The 
drained sulphate is then dried on cast-iron plates, heated by 
the waste heat of the boiler fires, and is then ready to be sent 
into the market. 

Such an apparatus will take a charge of 12 hectolitres '(2 64 
gallons) of amnioniacal liquor, and six operations can take place in 
twenty-four hours. The quantity of fuel variesnvith the state of 
the apparatus, which requires frequent cleaning ; when thoroughly 
clean, about 12 hectolitres (32 bushels) of cuke will be required per 
twenty-four hours. The quantity of slaked lime, in sifted powder, 
is T3 hectolitres (31, bushels) per charge. About 70 kilos. 
(154 lbs.) of dry ammonium sulphate are obtained from each cubjp 
metre of liquor of 2 *5 Beaume, or a total yield of 500 kilos, (half 
a ton) per twenty-four hours. By conducting the gas from the last 
coil into water instead of into sulphuric acid, caustic ammonia can 
be manufactured by this apparatus. 

2. The Modified Mallei Aftpuivht .% — The foregoing apparatus 
has, since its original construction, been modified by the inventor. 
In the new form the analyser consists of a group of tubes and a 
distillation column, which are more easily clamed than the coils. 
Like the older pattern, the mollified apparatus permits the manu- 
facture of either caustic ammonia or the sulphate. 

To manufacture sulphate*} less lime is required than for making 
caustic, and the analysis of the vapours does not need to be so 
perfect for the former as for the latter. It is m fact sullicient 
if the mixture of ammonia and steam yields, with acid of 53° Be. 
(specific gravity, 1*54), sulphate of ammonia, which crystallises in 
the absorption vats without evaporation. But for the manufacture 
of caustic ammonia the vapours must be passed through a vessel 
containing milk of lime, and must be thoroughly cooled and purified, 
as will bo seen further on, before being dissolved in water. Mallets 
modified apparatus, shown in Figs. 15 and 1(>, consists' essentially 
— (1) of three wrought-iron boilers, C, 11, E, heated by a fire ; (2) a 
tubular heater A, of cajiacity equal to one of the boilers; (3) a 
tubuluV condenser or analyser cooled by a current of water* and 
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intended '"to dry the ammoniac*] vupourH to any desired extorit. 
The liquids from the condensation of tjio vapours How down from 
plate to plate, gh'ing up their ammonia, whilst the ascending 
vapotifs gradually become Mitlieiently dry for the manufacture 
of sulphate; (4) an absorption val containing agd of 53° Re. if 
sulphate is to bq made, or an appniatus for further purifying the 
\ ajKjurs, and an absorber, if eaustic ammonia is required. Fig. 10 
shows on a larger wale the arrangement of the pipes which connect 
the "boiler (’ with the heatei A. 

To describe the mode of using the apparatus, we will assume it 
to be working •normally, and that the liquor in the boiler K is 
exhausted. This li.pioi is then nm oil’ by the tap 7, and is mitnedi- 
ately replaced by the contcnts.of 1). the lattei is m turn ohaiged 
from ( ; the frt*sh hot liquor from A is nm into (', and A is 
replenished with cold. I he pipe /, which dch\eis the vapmu in K 

•directly to the heater, penults these ti.insfercnces to be made 
rapidly, which is ot impoitance as regards t I k* endurance of the 
boiler, which is heated diie«ll\ b\ file Sinnlaily, tin* tap h allows 
the vapours lnun 1) to pass into It. Ry opening the plug L the 
necessary quantity of lime is added. After leplenishmg A the tap 
,/ is closed, that the \apoiiis fiom l> max pass through C. The 
vapours fiom K pass successively thnuigh 1), ( and R, meeting 
in 1» the condensed liquid hom the heater and tin* analyser. 
During this passage the\ become ennehed at the expense of the 
liquors, and then become dned whilst passing through A and 
1 he liquor which smiounds the tubes m the heatei is laised nearly 
to boiling point dining one operation, and when it ih run down 
into (’ it soon boils, giving up putt of its volatile ammonia; the 
remainder, together with that Irom the lixcd salts, being expelled 
in D and K. This method of work lequnes the consumption of a 
very small quantify ot lime, since most of the volatile salts are 
expelled before the lime is added 

When tin* manufacture of caustic, ammonia is desired, lime must 
be added to the boiler (' in quantity sutlieient to decompose all the 
ammoniacal salts of the original liquor. 

This "apparatus serves equally well for gas liquor and for coal 
van nr , and can he worked either by a social fire, or by waste heat, 
orjiy a jet of steam. 

3. P. Matin's Apparatus. — The apparatus descried above is 
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f , # * 
easily worked, and exhausts the liquors thoroughly, but it is qumber- 

some and costly. , # 

1\ Mallet, in 1800, fitted up at the CoMmbes works, for the 
, manufacture of •ammonium sulphate', an apparatus which* though 
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I'uj. 17. 1*. Mailt r’s Ajipuiiitus. 


A, Column consisting of lour i net i tic is 
and eleven analysing plates. 

<t r Tulnilar analyser. 

B and C, Wiought - non Itoileis fitted 
with stiirers. 


I>, Plug lor intiodution of lime. 
t, Tap for miming the lujnor fiom 11 
into C. 

S, K\ it tap. 

V, Steam supply. 


more simple, exhausts the liquors in a satisfactory manner. This 
ap]>aratuH, shown in Fig. 1 7, consists of an ordinary distillation 
column A, of cast-iron, formed by eleven analysing plates and four 
rectifiers, carrying a heater a, and of two boilers B and (J, in w|\ich 
lime is used for the decomposition of the fixed salts. , 
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The • amnion iacal liquors entering at E are first heated b^ f ' 

circulating round the tulles of the unal\s«r a ; they then enter the 
column by F, flow* down from plate to plate into the Innlers 
K and (\ Ihirifig their passage through the eolmnn* thev part, 
with the volatile salts, and the ^ixed salts aiti subsequently 
decomposed by lima in tin* boileis. I'be opeiation is continuous in 
the eoluniA but intemiittent in the boileis This apparatus is 
inexpensive and gives good results, but occupies much space. 
It (‘an be woiked eitliei by a special file or b\ steam, as in the 
figure. 

An appaiatus'of this desci lption, with a column of fifteen plates 
d‘8 m. m diameter, and with two boileis of 1 cm. capacity, can 
treat 20 cm. of gas liquor in t w<*iif\ -foui leans. 

I nless mixed with a ceitain quantity of lime, gas liquor \ery 
lapidly conodes wnmght-iion It is therefoie necessaiy to make 
tlie heaters of cast- 11011 , as in tin* appaiatus just, (h'sciibed, or 
else of lead. 

When work img up noli ammoniacal liquois, theie is but little 
advantage in beating them by the \apoms from tin* column or 
the waste liquids, on the other band, fuel is always abundant 
in gasworks, and steam is often laised by the waste heat of the 
furnaces. • 

In 1 S 7 * » , l*. Mallet fitted up at the Idols (iasworks an 
Apparatus consisting essentially of a cast iion distillation column, 
each plate of which earned a .single inverted cup, keyed to a 
vertical* ro\ol\ing shaft. This ingenious airungeincnt allowed 
the milk of lime to In* introduced Into the column without any 
risk of obstructions. The same airangement was introduced by 
Mallet, in 1X81, at the Jimdcaux wanks for the tieatment of 
sewage. 

4. Chrrahf's Ajt/wnit //s — This appaiatus, alieady described for 
the treatment of unt tamo, serves equally well for gas liquors. 
In this ease, two to four, or even moie boileis are used, according to 
the amount of liquor requiring treatment daily. Heat may be 
applied either by a tire under the boilers, or better by a jet of 
steam, or ty thermo-syphon boilers placed in tin* Hues of the retorV 
furnaces. In the last ease no fuel is expended, but the working 
dej^nds on that of the retort furnaces. The wor|f c;m, however, be 
made regular, by putting the boilers in a special see^idary flue, 
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' through which all or part of the Hue gases can be sent # without 
interfering with the draught of the furnaces. In small sets of 
apparatus heated by direct fire, the consumption of coal or coke 
, amounts to 40 ( 'kilos. (88 lbs.) per cubic metre* of liquor * treated ; 
in apparatus of greater si/6, if map fall to 35 or 30 kilos. The use 



Km. is. — (’hcvalet’s Appuutus, with thei iflb-s) plums. 


A and B, Wiought-mm boileis. 

(\ (\ II out (‘is lot tin* t hci ino s) plums. 

D, Bcuden hell which collects tin* gases 
and water vapour. • 

K, Limh Imiuol. 

F, Sul pliatt* diamor. 

(J, Acid vat. 

K, Stopcock \\ 1 1 i < • 1 1 causes the vapouis 
from B to bubble tluough the 
liquor in A. 

a ) a, Pipes conveying tlio h«»t water fiom 
the lieaters to B. 


h, h, Ketuni pipes. 

c, Pipe lot lntioducmg the anmioniaeal 
liipioi. * 

(/, Pipe lor emptying A into B. 
e, Bead coll for eonccntiuting the sul- 
phate .solution by steam. 

/, f, Ammonia pipes. 

//, Pipe counting utubsotbed gases to 
Hue. 

A, Waste pipe fot exhausted liquoi. 

I, I, Watel lex els. 

/, Sampling cot k. 


of waste heat constitutes therefore tin important economy in the 
manufacture of ammonium sulphate. 

i Fig. 18 shows the general arrangement of a snia’fl Chevalet 
apparatus, heated by thermo-syphons. It consists of two wrought- 
iron boilers, A. and B, placed at convenient levels for runuing^the 
liquor tToi,u one to the other. The losver boiler B is connected by 
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the iron fupes a and b to two heaters placed in the furnace Hue. 

The pipes a , a , which laave the heaters at their upper \m% arfc 
carried into the boiler B about half-wtfy up, whilst b, b , which leave 
B at tlu? bottom, a*e carried nearly to the bottoms of flu* heaters. 

The two boilers are connected bxfthe pipe d forerunning down 
the liquor, and by JJf for the passage of the vapouis. When the 
stop-cock K is closed, the steam from B bubbles through the liquor 
in A, but passes direct to the sulphiuie acid in (r when K is 
opened. The boiler B is fitted with a funnel K for the addition 
of milk of lime, and a diaxv-olV pipe h ; A is supplied with 
ammoniacal liquoi* by the pipe r, and deliveis the vapouis tlnough /, 
The uncondensed gases and steam from tlu* acid \at aie collected 
by the bell I) and sent by tlu* .pipe // into the hot Hue. At the 
bottom of tlu* acid vat there is a lead pipe <*. r, thiough which steam 
from a boiler is passed for concent latmg tlu* solution. 

• The working # of the appaiatus closely ies(*mbles that < >f the 
forms aheady dest-i il kmI. Most of tlu* \olahlo ammoniacal com- 
pounds are expelled whilst tlu* liquor in in tlu* boiler A; and 
when it has been let down into If a charge of milk of lime equal 
to about 4 or 5 kilos, of lime per cubic niche of liquor is added, 
to decompose tlu* ti\ed tabs. This quantity of lime is not sulheient 
to produce a deposit, and there js no need for frequent cleansing. 
When working up lupiois marking 2" or .4* Ik' , as is generally the 
ease, the boilers arc emptied tw u e in twenty-foui hums. When richer 
liquors are being treated, a longer time is lequiied to exhaust tlu*m 
ellectuaJly. Thi‘ lesiduaiv liquois contain \eiy little insoluble 
matter in suspension, and can therefore lx* run away without clari- 
fying. They contain a quantity of ammonia, which ( 'hex alet cHtimates 
as not more than 125 to 250 guns, per cubic metre, corresponding 
to 500 to 1000 grms. of ammonium sulphate, which it does not 
pay to extract. ( , lie\ah*t states that liquors of if Be. yield 22 to 
24 kilos, of ammonium sulphate jx*rd(*grce. The yield of ammonium 
sulphate per ton of coal varies from 4 to 0 kilos., according to the 
amount of washing to which the gas is submitted. Few works, 
however, obtain so large a yield ; about G kilos, per ton. is a good 
average. ^Liquors of 5° to G Be. yield 28 to 40 kilos, per degree; 
and per cubic metre; it is therefore necessary, in purchasing gas 
liquor, to pay regard not merely to the density, but to the probable 
yield of ammonia. The theoretical quantity of sulphimc *acid of 
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Fin. 19. — Griincbcrg’s Apparatus. 


A, Wrouglit-iron boiler heated directly | 

by furnace gases. 

a , a , A wrought-iron cylinder, concentric 

with A. 

B, Cast-iron column. 

b, PijY^ for the efes&nt of the liquors to 

the boiler A. 


C, Lime boiler. 

dy Grating for retaining ivn purities.' 

E, Condenser through which the steam 
from the absorption vats circu- 
lates in the opposite direction 
to the flow of ammoniacal liifior 
« from the reservoir F. 
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53* or 5 4* $9 per cent, of sulphuric anhydride for 100 kilos, of 
ammonitim sulphate, is 110*8 kilos.; in practice it varies from 109o 
to 115. The dried, ammonium sulphate* contains from 20 to 21 
per cent.,of nitrogen. M. Chevalet has fitted up apparatus on this 
system at several gasworks ; they permit the treatment at a low ’ 
cost of considerable amounts of animoniacal liquor which formerly 
had to be thrown a&ay, as they would not pay for the erection of 

®. i » 

more expensive plant. 

d.^Gruncbertfs Apparatus. — A very simple apparatus for the 
economical and thorough extraction of animoniacal gas liquors has 
recently been patented by Dr. Gruneberg of Kalk, near Cologne. 
This apparatus serves for the manufacture of sulphate, or, with some 
modifications, that of concentrated ammonia. The sulphate apparatus 
is shown in section in Fig. 19. 

It consists essentially of— 

1. A vertical •wrought-iron boiler, set in brickwork so as to 
be heated directly by a fire. This boiler contains a large cylinder 
a, a, with a grating at the Bottom, below which there is a large 
mud tap. In the centre of this cylinder there iB a tube b, which 
reaches nearly to the top of an upper chamber C, which serves as 
a lime boiler. In this chamber the vapour produced in the lower 
part bubbles up through the pipes /,/, keeping the lime in sus- 
pension and carrying off the animoniacal gases. 

2. A cast-iron distillation column B, with plates, in which the 
liquors are deprived of their volatile salts. 

3. Acid vats K, K', for the absorption of the animoniacal 
vapour, and arranged so as to collect the uncondensed gases and 
the steam produced during the neutralisation, and convey them to 
a cooler E, through which the fresh liquors pass in the opposite 
direction, and finally to deliver the cooled gases into the furnace. 


Inlet for milk of lime. 

F, Reservoir of animoniacal liquor. 

G, Lime vat. 

/, /, Inverted cups. 

K, K', Acid vats, with covers, for col- 

lecting unabsorbed gases. 
k, k\ Pipes conveying the ammoniaeal 

* & as - * 

L, Sulphate drainer. 

I , Pipe which conveys hot liquor to the 
column. 


M, Reservoir for the drainage from 

the sulphate. 

N, Pipe which carries gas and steam 

from the vats to the condenser. 
n, Exit for exhausted liquors. 

P, Pipe which delivers the uncon- 
densed gases to the furnace. 
r, Tap for drawing out the lime mud. 
«s, s, Pipe for introduction of amrnoni- 
acal liquor. 

]), Syphon pipe through which the 
exhausted Hanoi’s How aw'^y. 
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4. A reservoir F, containing the liquors to be treated, 
r 5. A lime vat for feeding the chamber C, through a pipe e, 
which is provided with a f cleaning plug. , 

' 6, A syphon p, for the continuous outflow of the exhausted 
• liquor by the pipe n and tjie flrain m. 

The liquor in the reservoir F is allowed to flow in a continuous 
stream by the pipe s into the cooler G, where it becomes heated 
whilst condensing the steam from the acid vats. It theq, rises by 
the pipe l to the top of the column B, through which it descends, 
parting gradually witli its volatile ammoniacal salts. It then 
reaches the lime chamber C, where it is kept in agitation by the 
steam from A passing up through it by the pipes /, /. It then 
flows down the central tube b, carrying with it the lime, the coarser 
portions of which are caught under the grating d, and, rising in the 
concentric tube a , a, flows over into the boiler A, where it is ex- 
posed to the direct heat of the fire, which completes its exhaustion. 
It then flows away through the syphon p, which draws it from near 
the bottom of the boiler, and delivers it by the pipe n into a 
drain. The lime sediment is drawn off from time to time by the 
tap r ; and the separation of the lime deposit from the liquor taking 
place in the cylinder a , which is not in contact with the fire, pre- 
vents the formation of incrustations and the consequent burning 
of the boiler plates. The liquors which flow away by the syphon p 
contain, according to Gruneberg, only 0*0 1 per cent, of free 
ammonia and O’ 09 per cent, of combined ammonia. The rich 
ammoniacal vapours which issue from the column B are delivered 
by the pipes h and 7/ alternately to the absorption vats K and K'. 
So much heat is produced by the neutralisation, that much of the 
water contained in the acid is evaporated, and the sulphate pro- 
duced crystallises in the absorption vat. The mixture of steam 
and uncondensed gases is sent through the cooler E ; the steam 
condenses and flows away, whilst the gases are sent into the fur- 
nace and burnt. The sulphate from each vat is dried as soon as 
the acid is neutralised ; the mother liquor is returned to the 
absorbing vat. 

According to Gruneberg, about 50 kilos. (1 cwt.)«of coke is 
burnt for each cubic metre of liquor treated. 

Apparatus on this pattern has lately been set up in many 
localities: at Mcfe, at Tamaris for treating the ammoniacal liquors 
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frofti coke .pvens, at Valenciennes, Salk, Frankfort, Hamburg, 

Gottingen, Goerlitz, Florence, and Palermo; and in 1884 it was, 
0 

established at Danzig, St. Petersburg, Moscow, and Barcelona. 
This apparatus works well on very varying scales ; some of the 
installations treat only 5 to 10 c.m. of^ liquor in twenty-four hours, 
others are much larger. 

Gruncberg has produced a modified form of this apparatus for 
making concentrated liquid ammonia. This will be described in 
Chap. J 1 1. § 3. 

§ 3. Concentration of Ammonjacal Liquor. 

1. Solvay's Horizontal Still . — The growing importance of the 

manufacture of soda by the ammonia process induced Messrs. 

Solvay some years ago to seek for the means of obtaining, in sufficient 

quantity and at a»low price, the ammonia required by their works. 

It naturally occurred to them to utilise the crude liquors obtained 

in the washing of coal gas, which in many gasworks were not 

treated for the manufacture of ammoniacal salts. These liquors 

are, however, too weak to bear the cost of transport to any great 

distance ; on the other hand, it would have been undesirable as well 
• c, 

as expensive to convert them into solid ammonium salts, seeing 
° that for use in the manufacture of soda it is free caustic ammonia 
that is needed. Tli^ were led therefore to devise means of con- 
verting them economically, at the place of production in the gas- 
works, into a crude product rich enough to bear the cost of carriage. 
With this object E. Solvay devised a form of continuous still, 

3 by which solutions containing 15 per cent, of ammonia could be 
obtained from ammoniacal gas liquors of 1°*5 to 3° Baume. This 
apparatus, shown in Fig. 20, is composed of a long horizontal 
wro ught-iron boiler A, part of which is heated by the furnace F. 
This boiler is divided into a number of compartments, b , b, by 
the partitions c t c. Each of these contains a vessel t , which is in 
communication with the following chamber by a short pipe, so that 
the liquid can pass from any compartment into the vessel t of 
the, next ope, whilst on the other hand the steam and gases pro- 
duced in any chamber can bubble up through the liquor in the' 
vessel t in the chamber which follows in the opposite direction. 

^The boiler being filled to the working level, whifch is regulated 
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by the position of tie overflow pipe S, the liquor, whicl), has under- 
gone preliminary heating in the vessel H, enters the first compart- 
ment of the boiler by the pipe G. The vapours which arrive from 
the second compartment by the duct D, drive part of ttys liquor 
« out of the vessel t into the similar vessel in the* next compartment, 



Fig. 20.- Sulvay’s Apparatus. « 


A, Fuller. 

b, b, Compaitment.s. 

c, c , Partitions. 

D, E, Ducts by which the vapours are 
passed from each com pa i tm cut 
through the liquor in the vessels 
t, t. 

F, Fireplace. 

G, Pipe delivering annnoniaeal liquor to 

the boiler. 


H, Tank containing the condensation 
coil. 

K, Reservoir of annnoniaeal •hquor for 

treatment. 

L, Regulator for the flow of liquor. 

M, Float which works the regulator. 

/, t , Internal vessels, each communi- 
cating with the preceding com- 
partment. 

S, Syphon for escape of exhausted 
liquor. 


when the vapours from the next following one pass through it. 
The liquor thus gradually approaches the fireplace, whilst the 
vapours travel in the opposite direction, producing a regular ex- 
traction of the ammonia. The exhausted liquor finally flows away 
by the syphon S, whilst the strong annnoniaeal vapours, issuing at 
the other end, pags through the coil in the tank H, being there cqoled 
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arict condensed whilst heating the fresh ^mmoniacal liquor. The 
rate of Advance of the liquor through the apparatus depends or* 
the relative areas of .the plunging ducts E* and the vessels t. The 
annular .space between these should be proportioned to the 
quantity of liquor and the volume of f vapour which *it is desired to 
pass through, and it is to be observed that the advance of the 
liquid bein^ produced by that of the vapour, the activity of the 
apparatus is proportional to the heating, and ceases entirely if the 
fire is .extinguished. The steam which is condensed in the coil in 
the vessel H serves to heat the crude liquor before it enters the 
boiler. The liquo^ is passed into the vessel H through a regulator 
L, controlled by a float M. This float rises or falls as the tem- 
perature varies, in such a way ^that the more the apparatus is 
heated, and the more steam is produced, the larger is the quantity 
of liquor admitted. The ammonia gas which escapes from the 
solution condensed* by the coil is arrested by a small acid scrubber, 
situated above the exit 4 pipe. Solvay’s apparatus has been con- 
structed in sizes for treating 12, 18, 24, or 48 c.m. of liquor 
in twenty-four hours, producing ammonia solution of 12 to 17 per 
cent, strength. The consumption of fuel varies from 25 to 30 
kilos, per c.m. of liquor treated. In dealing with very weak 

solutions, the heat from the exhausted liquors can be utilised to 

► • 

warm them. • 

An apparatus w^th fourteen compartments will treat either 
18 c.m. of liquor of 1° to 1°*5 Be., or 15 to 16 c.m. of 2°. 
The residual liquors contain at most 100 to 150 grms. of ammonia 
per cubic metre. To obtain solutions of 16 to 17 per cent, of 
ammonia, it is necessary to use liquor of 3° Be. ; weaker liquors 
will not yield more than 12 to 14 per cent. Gas liquor in which 
part of the ammonia exists as fixed salts, should be treated with 
lime after the removal of the volatile salts. With this object 
the liquors are passed through a vessel containing lime, situated 
between compartments 7 and 8, but it is impossible to add 
sufficient lime to decompose the fixed salts completely without 
risk of overheating the exposed plates of the boiler. The plates 
of the first* compartments are rapidly destroyed by the sulphides 

• 

in the liquors ; they require to be renewed about every two years. 
A thorough cleansing must be given every three or four months to 
remdVe the tarry and calcareous incrustations, eftpScially ; n the 
5 
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compartments immediately over the furnace. In .the newest 
^patterns the first five compartments are built of plate 10 mm. 
(| in.) thick; the remainder are of cast-iron, which resists the 
action of the sulphides better. The arrangement for passing the 
vapours through the liquid lias also been much simplified, as 
shown in Fig. 21. The common wall of two compartments, A 
and B, is pierced with two holes, through one of which, v 9 the 
vapours pass, whilst the other, l, brings the liquor in the opposite 
direction. # 

In Fig. 21 the part marked b is a wrought-iron box open at 
the top and covering the hole v; on the other sjde of the partition 
is a flattened box d of cast-iron, communicating by the bend E 
with the compartment C through the opening l'. From the posi- 



Fig. 21.— New Arrangement of the Boilers in 
Solvay’s Apparatus. 


tions of the hole v, and the tops of the boxes h and d, relatively 
to the level of the liquid in the compartments, it follows that the 
vapours passing from A into B traverse the boxes and throw up 
the liquor brought by the pipe E. The liquid flowing continuously 
from compartment C is thus thrown up in B, and the vapours 
travel in the opposite direction, as in the arrangement previously 
described. The construction of this new form of apparatus is 
simpler and less expensive than that of the older one. 

Solvay’s apparatus may be used for the manufacture _ of 
ammonium sulphate or chloride, by passing the vapours from, the 
boiler into the respective acids, and in this case the tank H can 
still be used as a heater by passing the exhausted liquors from the 
syphon S through the coil. * 
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2. Kuwtzs Apparatus. — M. Henry Kuentz has invented and 


constructed a simple and inexpensive apparatus for the production 



-Kucntz’s Apparatus. 


Fig. [22.' 

A, Wrought-iron boiler, heated directly 

by a lire. 

B, Upper boiler. 

a, b, Froth separators. 

C, Pipe for running down the contents of 

B into A. 

D, Pipe for introduction of gas liquor. 

F, Oval east-iron pipe for the prelnninaiy 
condensation of the steam. 

/, Pipe conveying the vapours to the 
condenser. 


0, Cast-iron scrubber in which con- 
densation is completed. 

(j, Pipe for running water into the 
scrubber. 

If, Cooled receiver for the concentrated 
solution. 

h, Pipe for the escape of uncondens- 
able gases. 

p, Pipe for returning liquid from the 
froth separator b. 

S, Tap for drawing olf concentrated 
ammoniacal solution. 


of concentrated gas liquor. This apparatus, shown in Fig. 22, 
consists of two distinct parts, the first of which serves for the 
extraction, the second for the condensation, of tht* alnmonia. The 
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extraction apparatus consists of two wrought-iron boilers, A and B, 

«f 750 to 1000 litres effective capacity, the lower of v^hich is 
set in a furnace. The vapours given off by this boiler pass through 
a froth separator a , and then pass into the boiler B through a 
r pipe which ends in a ve^y ( shallow cone. Above the boiler B 
there is a second froth separator b, constructed, as shown in the 
figure, of a wide wrought-iron cylinder about a metre high, in 
which the froth, carried up by the gaseous current, breaks and 
flows back as liquid to the boiler by the sealed pipe p, whilst the 
vapour passes on by the upper pipe to the condensing apparatus. 
A pipe with stop-cock C, allows the liquor in B to be run down 
into A, and a waste-cock V draws off the exhausted contents of 
the boiler A. The gas liquor is brought to the boiler B by the 
pipe D ; the funnel E is for the introduction of lime. The boilers 
are furnished with level gauges. 

The second part of the apparatus, intended foi the condensation, 
is constructed with an oval tube F, into which the vapours pass by 
the pipe /, and of a cast-iron scrubbing column G. These two 
parts are contained in a wrought-iron tank filled with cold water, 
which is kept constantly renewed. A small stream of water is 
allowed to flow into the column G by the pipe g, to assist the 
condensation. The uncondensed gases escape by the pipe h, and 
bubble up through water in a small vessel K, allowing the progress 
of the operation to be watched, or they may with advantage be 
passed through a lime purifier and then into a furnace. 

The vessel H, which is surrounded by cold water, receives the 
concentrated ammonia solution from the condensers, and this is 
then drawn off by the tap S. 

The course of an operation is as follows : — The exhausted 
liquor in the boiler A is drawn off after quenching the fire ; the 
contents of B are run down into A, and a fresh charge is intro- 
duced into B. The milk of lime requsite for decomposing the 
fixed salts is added through the funnel E, and the boiler A is heated 
up. The steam from A, accompanied by a diminishing proportion 
of ammonia, passes through the froth separator, and rises through 
the liquor in B, which soon enters into ebullition, giving off «the 
greater part of its ammonia ; this becomes partially condensed in 
the water which accumulates at the bottom of the tube F. The 
ammoi?ja solutioft thus produced flows over into the vessel H, 
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whilst the unabsorbed gases rise through the scrubber C, meeting 
a stream of water from* the funnel Uie quantity of which is 
regulated so as to secure complete condensation, and yield a solu- 
tion of any desired strength. The unconjlensablc gfises {mss off by » 
the pipe li through the vessel K*. hen the vessel* H is filled to 
a fixed level, as slnawn by the gauge-glass, the operation is ended, 
and the liquors in the boilers are changed. Each operation lasts 
from 2^'to 4 hours, according to the quality of the fuel and the 
skill of the workmen. The concentrated solutions obtained contain 
13 to 15 per cent, of ammonia 

Apparatus of *this pattern is able to extract the ammonia from 
gas liquor very perfectly ; it is inexpensive and easy to work, and 
has therefore been established in *many places. There are upwards 
of ninety at work in gasworks, both in France and elsewhere. 
Kuentz’s condenser attached to any of the stills intended for 
making ammonium sulphate, permits the production of concentrated 
ammonia liquor. 

3. Gruneberg’s Apparatus . — We have already described the 
apparatus devised by Gruneberg for manufacturing ammonium 
sulphate from gas liquor. In a modified form this apparatus is 
equally suitable for producing concentrated ammonia liquor. The 
arrangement for this purpose is •shown in .section in Fig. 23. At 
the top of the distillation column of the apparatus already described, 
there is attached a long pipe li, through which the ammoniacal 
vapours have to pass before reaching the condenser. This pipe is 
cooled 4>y a water-jacket, to condense part of the water-vapour. 
The remainder is condensed in the cofc I), producing a concentrated 
solution of ammonia, which flows first into the trapped tank E, 
and thence into a reservoir. The tube o conveys the uncondens- 
able gases to a washing tank H, where they give up their last traces 
of ammonia, and the pipe p then conducts them to the grate of a 
fire. The crude gas liquor in the reservoir F flows in a constant 
stream through the covered tank containing the coil D, and after 
becoming warm passes over to the column by the curved pipe l, 
and passes through the still in the manner already described. 
This form* of apparatus will economically extract comparatively 
large volumes of gas liquor, and yields solutions of 12° to 14°. It 
is tyee from the risk of burning out the plates, which is ^always 
present when, tarry gas lxjuors are heated with lime* and it is 




4, Wjiought-irofi toiler heated by the a , a, Concentric Cylinder in whicfc the' 

flan^ from a furnace. K lime settles. t 
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easily wprlfled. A model with a boiler” 1*5 m. in diameter and. 
3 m. fiigh, will treat .10 c.m. of gas liquor in twenty - fouf 
hours. 


t 

B, Column. 

b, Pipe through which the liquor dc* 
scends. 

C, Lime boiler. 

D, Condenser for the ammomaeal 

valours* 

d , Ifime strainer. 

E, Receiver for the eoncentiatcd am- 

moniacal liquor. 

e, Funnel for introducing milk of lime. 

F, Reservoir of gas liquor. 
f t f t Scrubbers. 

G, Vat for milk of lime. , 

h, Syphon for running away exhausted 

liquor. 


\yfl,shing vessef for the uncon- 
dcnsed gas. • 

l, Pipe for blinging the gas liquor 
to the column. 

m, Downllow pipe for tlifi concen- 
trated liquor. 

o, Pipe which eanies the gas to the 

washing vessel. 

p, Escape pipe for uncondensable 

gas. 

R, Pipe, cooled by water-jacket, 
for conveying the ammoniacal 
vapour. 

r, Draw-off for the lime mud. 



CHAPTER IY. 


MANUFACTURE OF AMMONIACAL PRODUCTS FROM BONES, 
NITROGENOUS WASTE, BEETROOT 'SPIRIT WASH 
(VINASSE), AND PEAT. 

• 

§ 1. Ammonia from Hones. 

The bones from slaughter-houses or knackers’ yafds are employed 

for manufacturing either gelatine and phosphate of lime, or else 

bone charcoal and ammoniacal salts. Fresh bones, to which fragments 

of muscle still adhere, are soaked for twenty-four hours in hot water 

to allow them to be readily cleaned. When the soaking is finished, 

the liquid is run off, and the bones, freed from fleshy particles, are 

crushed between channelled rollers ; they are then boiled to extract 

the fat. The boiling is tarried out in the following manner : — The 

crushed bone is received in a wrought-iron basket, which can be 

transferred by a crane to a wooden vat containing water. This 

water can be rapidly boiled up by a steam coil lying on the floor 

of the vat. The boiling wat^r extracts the fat from the bone, and 

causes it to rise to the surface. The fat is collected by a skimmer, 

strained through a sieve, and employed for soap-making. After two 

and a half hours’ boiling with water the bones give up no more fat ; 

the basket is then lifted out, and the contents submitted to copious 

washings. The bone is then thrown out in heaps, and allowed to 

dry spontaneously. When dry it is passed through mills, which 

reduce it to fragments of suitable size for making bone charcoal. 

These are freed by sifting from the fine powder which is employed 

for making phosphatie manure. The coarser fragmentr are then 

submitted to calcination, either in crucibles of clay or cast-iron, or 

in continuous furnaces. Calcination in crucibles does not allow the 

volatile products to be collected, as these burn in the heating chamber ; 
c 72 * 
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by using .retorts the volatile products can be collected and the gases . 
utilised for the partial hating of the retorts. A group of retort^ 
which are either of oist-iron, or better t>f fire-clay, and of cylindrical 
or oval Section, ar$ arranged vertically in a chamber whiph can be 
heated by one or two fires. Eqch itto#t* is furnished at the top * 
with a charging box, of cast-iron, situated outside the brickwork ; 
this box l^s a wide opening in the bottom, which is closed by a 
luted plug, ajul one at the side for conveying the vapours and gases 
to tin? condensers. Each retort has also an opening at the bottom, 
which is closed during the distillation. The volatile products pass 
into a hydraulic main containing water, where a preliminary con- 
densation takes place. A small stream of wafer is allowed to flow 
into the main to keep the level pf the liquid constant, so that the 
delivery pipes may always dip to the same depth, and also to 
prevent the deposition of solid ammonium carbonate. The vapours 
vhieh escape from the hydraulic main are carried first through a 
condenser heated by an exterior current of water, and then through 
a scrubber, where they meet a small stream of cold water, which 
frees them as perfectly as possible from the ammonia they contain. 
They arc then passed into the retort fires and burnt. The liquors 
from the condenser, the hydraulic main, and the scrubbers, are 
, collected in a wrought-iron vat,, and serve for the manufacture of 
ammoniacal salts. The liquid from the comfenser is of 1 4° to 1 5° Be., 
that from the scrubCer 1° or 2° only. On remaining at rest these 
liquids separate into two layers. An upper oily one, of very complex 
composition, is known as Dippels oil ; it contains a large number 
of compounds, especially bases of the pyridine series, of which at 
present no use has been made. These oils are either burnt in the 
furnaces or used for making illuminating gas. The lower aqueous 
layer is a solution of ammonium carbonate contaminated with tarry 
substances, and is employed for the manufacture of ammoniacal 
salts by distilling it and absorbing the ammonia by an acid. The 
salts obtained are deeply coloured by the small quantities of oily 
products which they contain. One hundred kilos. (2 cwt.) of bone, 
treated as described, yield 6 to 7 kilos, of ammonium sulphate, 
containing 18 to 19 per cent, of nitrogen and 1*7 to 2 kilos, of oil. 
A method formerly employed in France, and still occasionally used, 
for converting the carbonate of ammonia of the crude liquors into 
sulphate, consisted in filtering the liquor, after freeing ffom tar, 
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through a layer of gypsum, when decomposition took place with 
formation of carbonate of lime and sulphate of ammonia, which 
merely required concentration. 

For th.3 manufacture of ammonium chloride from these liquors, 
see Chap. V. ' 


§ 2. Ammonia from Nitrogenous Waste. 

Waste wool, hide, leather, horn, feathers, sponge, etc., containing 
6 to 1 5 per cent, of nitrogen, is habitually worked up into manure. 
The decomposition of these substances in the soil is extremely slow, 
it is therefore advantageous to convert their nitrogen into ammonia. 
L’Hote’s method consists in treating them with a 10 per cent, 
solution of caustic soda, which either dissolves them completely or 
brings about a complete disintegration. The mixture obtained is 
made into a paste with lime and introduced into a cast-iron retort. 
The retort is carefully heated to avoid decomposing the ammonia, 
and the vapours are passed into chamber sulphuric acid, in which 
they are condensed. Towards the end of the operation the retort 
should be raised to a red heat. The white pulverulent residue 
consists of carbonate of soda and lime, and when treated with 
water reproduces caustic soda, which is used over again. In this 
way the whole of the brganic nitrogen in the original substance 
may be recovered as sulphate of ammonia. The sulphate obtained 
directly by this process is coloured, which however is no obstacle 
to its use in agriculture. Its purification, if necessary, would be 
easy. 

§ 3. Ammonia from Beetroot (Vinasse). 

The manufacture of aminoniacal salts at the same time as salts 
of the methylamines, by calcining the residue from the distillation 
of beetroot spirit, has been carried on for some years. A mixture 
is obtained of gaseous and condensable products, which on cooling 
yields a complex tarry liquid containing carbonate, cyanide, chloride, 
sulphide, etc., of ammonia and methylamines. When this mixture 
?s neutralised with an acid and evaporated, the ammortiacal salts, 
which are less soluble than those of the methylamines, can be 
crystallised out. The mother liquor contains chiefly salts of 
trimetHylamine and dimethylamine, and is used for the manufacture 
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of methyl * chloride. 1 Hydrochloride of trimethylamine is decom-* 
posed by heat. At about 285° C. the gaseous products evolvect 
consist entirely of frhe trimethylamine # and methyl chloride ; whilst 
the solid residue contains hydrochloride of monomethylamine and 
unaltered hydrochloride of trimethylftmfne. Tlie decomposition is 
represented by the.equation 3 N(CH 3 ) 3 . HC1 = 2N(CH 3 ) 3 + 2CH 3 C1 
+ N(CH 3 )H 2 . HC1. Above 305° the residue consists entirely of 
monomefchylamine hydrochloride mixed with ammonium chloride. 
The gaseous products then contain much ammonia mixed with 
methyl chloride. Finally, at about 825°, the substance is wholly 
decomposed or sifblimed. Above 305° the principal reaction may 
be represented by the equation N(CH 3 )H 2 . H(T = ( -H ;{ (T -f NH 3 . 
The products of a dry distillation of trimethylamine hydrochloride 
are therefore methyl chloride, trimethylamine, and ammonia. The 
hydrochloride of dimethylamine behaves in a similar manner. 
The gaseous mixture, passed into commercial hydrochloric acid, 
deposits the alkaline products, ammonia and the methylamines, 
whilst the methyl chloride, washed with water, and collected in 
a gasholder, is liquefied by compression after being completely 
dried by sulphuric acid. Methyl chloride is now manufactured 
commercially by this method, and is used both in the preparation 
of coal tar colours and in freezing machines. 

The chlorhydrates of ammonia and the methylamines are easily 
separated by crystallisation and centrifugal extraction, ammonium 
chloride being much less soluble than the other salts. The 
inethylamine salts in the mother liquors are reworked for making 
methyl chloride. The sal ammoniac obtained by this process is 
rendered impure by chlorides of iron and lead from the boilers and 
evaporation coils ; to purify it for use in Leclanche batteries, it is 
redissolved and treated with ammonium sulphide to precipitate the 
heavy metals. By recrystallisation and hydro-extraction a very 
pure product is obtained, which finds its application in telegraphy. 

§ 4. Ammonia fkom Feat. 

* 1. Pe&t is a highly important fuel, which at the present time 
is being formed by the decomposition of aquatic plants in marshy 

1 *C. Vincent, Comptes rend us dc V Academic des sciences , 21st#Mfty and 8th October 
1877 . 
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.localities. Peat often contains the remains of trees which have 
Undergone slow decomposition under water, and which have 
nourished the growth of plants which only live on decomposing 
lignite. TJhese plants have grown and f perished* and their remains 
have served as the §oil of c, ifew layer of vegetation. In this way 
a deposit of peat has been gradually formed, the thickness of which 
has continued to increase until it reached the surface of the water. 
Peat bogs have therefore had their origin either in a, lake or pool, 
or even in an arm of the sea, which have in this way become 
gradually filled up. It is the opinion of some authorities that 
thirty to forty years are required to form a layer of peat 1 m. 
in thickness; others estimate that under the best conditions the 
production does not exceed 0*6 metre in a century. Both views 
are correct to this extent, that a century is required to form 
O'G m. of peat of good quality, whilst in thirty to forty years 
it is possible for a growth to form 1 m. thick of an imperfect 
peat which is not worth the trouble of working. It is of import- 
ance that the water of a peat bog should be renewed, for in 
stagnant water the decomposition of the vegetation would be 
complete, and peat would not be formed; but the water-current 
must be a slow one, and must not remove the debris on which the 
formation of peat partly depends. , 

There are found in Picardy two kinds of peat : one compact 
and foliated, which has been produced by the decomposition of 
wood or large plants; the other light, derived from the Equisetacece 
rushes, and mosses which have grown on the former. This- spongy 
peat is sometimes rich in mineral matters, which have been intro- 
duced by floods. These mineral matters, crushed shells and stones, 
make the peat difficult to burn. Such peat ( tourbe a cendres) is of 
very inferior value. 

Peat when dug out from the bog can be worked up into a 
soft paste like clay, and moulded into bricks (briquettes ) ; these, 
exposed to the air under sheds, rapidly lose most of their water 
and shrink considerably, sometimes to one-sixth of their original 
bulk. When, however, peat ceases to lose weight under these con- 
ditions, it is far from being dry ; it retains a proportiorf of hygro- 
metric moisture which is the more considerable the poorer the 
peat is in mineral matters. Thus the peat of first quality from 
the Sohime retains 10 to 30 per cent, qf water afterlong exposure 
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to air, whilst under the same conditions* an ashy peat will retain . 

only 5 *to 15 per cent. # The proportion of moisture retained by 

peat depends also gn its physical condition. Thus, when it has 

been well kneaded, then moulded, and dried for six months under 
% • • 
a shed, peat of the first quality is c<*nj}d!bt, and contains only 10 * 

to 14 per cent, of moisture, whilst bulky peat 1 under the same 
conditions of exposure may contain 25 to 20 per cent. A satis- 
factory product should be hard and compact, have a density varying 
from <0*45 to 0*7, contain not more than 10 to 15 per cent, of 
moisture, and 5 to 1 5 per cent, of ash. 

The peat as sqpn as it is dug out is treated as follows, according 
to Challeton’s process: — It is first thoroughly disintegrated by a 
pulping machine, and then thrown upon an oscillating sieve, which 
allows the pulp to pass through, but keeps back the roots and 
coarse herbaceous fragments, which are utilised as fuel in the boiler 
fires of the establishment. The pulp falls into a wooden tub, 
where it is kept in suspension by a mechanical stirrer, whilst the 
sand, chalk, and fragments of shells are allowed to settle. This 
apparatus might be replaced by a machine such as is used for 
washing small coal. 

The pulp is now pumped out of the tub into wooden frames 
2*5 m. square and 0*6 m. deep, where the water drains away from 
it ; or any other suitable form of filter * may be used. When 
sufficiently drained t*> be plastic, the peat is moulded by hand and 
the bricks are dried under a shed. Good peat, like that of 
Essonnes or the Somme, which contains neither sand, shells, nor 
more than about 2 per cent, of extraneous mineral matters, can be 
’ dried .without washing. 

A much simpler and wholly mechanical method of treat- 
ing peat has been established by Messrs. Bocquet and Benard at 
Mareuil. Their process converts the original peat into a homo- 
geneous paste, and yields hard, firm bricks of one quality only. 
Two different modes of procedure are adopted, according to circum- 
stances : (1) If the peat bog is of sufficient size, the whole apparatus 
is put upon it on a floating dredge. The peat brought up by the 
dredge falls into a mill, where it is converted into a homogeneous 
pulp. This pulp is delivered into moulding trucks, where it is 
shaped into bricks, lightly pressed, and deposited on a drying floor. 
(2) *If the bog is not capable of floating a boat, tlfle peat is dug out 

* i 
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by an excavator. In this case two parallel tram lines are laid down ; 

<$ne carries the excavator, the other the trucks for removing the 
peat to the factory. The pu^.p delivered by th£ mills is run into a 
tilt waggon, which carries it to the moulds, and the bricks are 
treated and dri^d as befoV§. oChalleton’s process gives the purest 
product, but is expensive ; by Bocquet and Bernard's process, on the 
contrary, the entire peat is pulped and made into bricks contain- 
ing from 5 to 12 per cent, of mineral matter, and retaining 12 
to 15 per cent, of water. When treated by Challeton’s procefs, the 
Mareuil peat loses 50 per cent, in weight by the removal of the 
coarse portions, and retains only 2 per cent, of mineral matter, but 
its price is more than double. Machine pulping, by allowing 
greater compression than is obtainable by hand, reduces to one- 
half the number of bricks obtained from a given quantity of peat. 
Great economy is thus attained, and the bricks keep their shape, 
and their drying being slower they acquire greatei density. 

Kolb, by a series of reduction tests with litharge, has deter- 
mined the calorific power of peat from various sources : he finds 
for good dry peat a calorific power of 2100 to 2500 calories 
The calorific power of oak-wood being .‘1500 calories, and that of the 
best coal about G000 calories, it is obvious that peat is a very im- 
portant industrial fuel. It may be utilised in four different ways — 

(1) By burning it directly, after removal of its moisture by 
stoving; (2) by converting it by carbonisation into charcoal, which 
can be used in blast furnaces; (2) by converting it into producer 
gas, together with inferior fuel, which cannot be used in this way 
alone ; (4) by using it alone in special gas producers. 

By carbonisation in closed vessels, peat yields a hard charcoal, 
GO per cent, of combustible gas, a tar particularly rich in phenols, 
paraffins, and acetic acid, and an ammoniacal liquor containing as 
much as 2 parts of ammonia per 100 of peat. These ammoniacal 
products can be collected even when the peat is converted into 
producer gas. As stated above, coal, when distilled, produces on 
the average 6 kilos. (12 lbs.) of ammonium sulphate per ton ; eau 
vanne, 9 to 10 kilos. (20 to 22 lbs.) per cubic metre; whilst the 
best peat may yield 80 kilos. (17 G lbs.) per ton; that of second 
quality, 68 kilos. (150 lbs.); and of third quality, about 40 kilos. 
(88 lbs.) per ton. Peat is therefore the richest raw material, and 
the most advantageous to work for ammonia, as will be seen below. 
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When peat is to be burnt under steam boilers or in metal- 
lurgical* furnaces, it must first be deprived of its moisture, and when 
it is to be convertedjnto charcoal this # is Squally desirable, so as to 
obtain tjie greatest yield. For drying, the peat must be exposed 
for thirty-six to forty-eight hours to % temperature Vhich must not • 
exceed 100° C., for even at 110° or 1 15°, according to* Kolb, decom- 
position commences* Lencauchez has invented a brickwork stove 
which willliold 40 to 50 tons of peat, and which can be lieated by 
waste, heat from various sources. The description of this ingenious 
apparatus would take us too far from our subject ; we therefore 
refer the reader Jo Lencauchez’s treatise on Peat (Lacroix), from 
which we have drawn much information on this subject. 

The well-dried peat can be burnt under boilers, in locomotives, 
or in blast furnaces ; after carbonisation it is employed for domestic 
purposes, or instead of wood charcoal for metallurgy. The manu- 
facture of charconl from peat can be carried out in a modified 
Knab furnace, worked on the regenerator system. The vapours 
and gases given o(l‘ are cooled in condensers resembling those of 
gasworks, to allow of the collection of the tar and ammoniaeal 
liquor. The quantity of gas obtained is sufficient to keep up the 
heat ; the gas producer is therefore only used to start the opera- 
tion. Peat charcoal, when drawn from the furnace, must be 
received in extinguishing boxes, or it would continue to burn like 
wood charcoal. Wlien the ammoniaeal products are to be collected 
from peat employed in gas producers, as mentioned above, two 
cases arise : one in which the peat is mixed with inferior fuel, the 
other wlien it is used alone. In the former case the peat, used 
in the, form of bricks, enables three to six times its weight of poor 
fuel, such as small coal, anthracite, etc., to be employed without 
choking, and since the ash of peat is very refractory it tends to 
hinder the formation of clinker, which would obstruct the lower 
part of the grate and necessitate frequent cleaning. The peat 
employed in this case need not be stoved, but may contain 15 to 
20 per cent, of water. When, however, the fuel which is mixed 
with the peat yields very little ammonia, the peat should be dried. 
Th$ gas i^ then used at once for burning. When, on the other 
hand, the added fuel yields abundance of ammonia, the peat should 
be used without drying, and the gakes cooled in a condenser or 
scrifbber, with the object of obtaining ammonified! liquor from 
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, which to manufacture ammonium sulphate. To ascertain which 

t>f the. two systems should be adopted, it is necessary to krfow how 

much ammonia the producer will yield daijy with the mixture 

of fuel employed, and to calculate thence the net cost of the 

' ammonium sulphate. F6r thr's purpose it is sufficient to estimate 

the percentage of nitrogen in the peat and in the added fuel, and 

to calculate the cost according to the composifion of the charges. 

This method of using mixed fuel in a producer may be^ of great 

service in countries where, as in the south of France, Germany, 

and Austria, there exist considerable quantities of lignites and 

anthracites, which can be utilised by mixing with peat. 

When the peat is used alone in the gas producer, it ought to 
be distilled without previous stoving, so as to facilitate the con- 
densation of the ammoniacal products. In this case a special still 
worked in connection with a gas producer is employed when it is 
desired to work up 7 to 10 tons of peat in twenty-four hours; for 
still larger operations, a producer with a blast may be used, which 
will give six to ten times as much gas as an ordinary producer. 
The peat-still shown in Fig. 24, which we take from Lencauchez’ 
work, is constructed to yield large quantities of rich gases. It 
consists of an ordinary gas producer A, above which are situated 
three cast-iron retorts, b, b , b } into which the peat is charged 
through the hoppers B, B, B. In these retorts the peat first 
becomes dried by the gaseous current, and is f then distilled. The 
carbonised residue is pushed down into the gas producer by tools 
introduced through the working doors c, c , c. The gaseous pro- 
ducts, mingled with water vapour and ammonia, are collected in a 
brickwork flue D, from which they pass to a condenser « or a 
scrubber, in which they give up their water and ammonia. 

Worked up in this way, peat is capable of competing advan- 
tageously with coal. 

The table below shows the percentage of nitrogen in peat from 
various localities ; of this nitrogen it may be assumed that nine- 
tenths is obtained as ammonia on distillation : — 


Air-dried peat containing 20 per cent, of moisture. 

Nitrogen 
per cent. 

Peat from Mennecy 

. '2’4 

,, ,, Vulcaire, near Abbeville .... 

2 '09 

,, ,, T<$vin (Finistcrre) 

17 

,, ,, Saumiir 

0-65 

,, ,, Slontoire (Loire Inferieure) 

0-55 * 




Cast* ii on retoits in which the peat distillation to a condenser, wheilfe 

undergoes distillation before being they dej>osit the ammonia, 

pushed down into A. 
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Assuming the selling'* price of sulphate of ammonia to be 40 
frs. per 100 kilos. (£16, 5s. per ton), and 20 frs. as the* cost of 
production, which may be taken as a maximum, it follows that the 
Mennecy peat, which yields 86 kilos- of sulphate, will leave* a 
margin of 17 fr. 20 c. pty ten of peat distillecf, and of which the 
cost price varies from 17 to 18 frs. The sulphate produced there- 
fore about pays for the peat, and the heating gas is obtained for 
nothing. ' 

For the peat of Montoire, which is the poorest on the lkt, the 
margin on the sulphate would be 4 ’fr. 40 c., to be set against the 
cost of the peat. Taking 12 fr. per ton as the c cost of this peat, 
the difference is 7 fr. 60c.; and assuming that two tons of peat are 
required to give the same heating effect as a ton of coal, the cost 
as fuel would be 15 fr. 20 c., which is less than the cost of a ton 
of coal in most (French) industrial localities. 

Treatment of the Ammoniacal Liquors . — The affnmoniacal liquors 
from the distillation of peat are loaded with tar ; they are col- 
lected in a brick cistern divided into two compartments, which are 
connected at the bottom. The mixture deposits most of its tar, 
which collects at the bottom of the first compartment, and flows 
into the second, whilst the clear ammoniacal liquor remains in the 
first tank, and is thence sent to the stills. The cisterns are 
covered to prevent loss' of ammonia and avoid the production of 
a nuisance. By the side of these tanks there 1 is another, in which 
the weaker liquors are collected which it is intended to return to 
the condensers to be enriched before proceeding to extract the 
ammonia. The apparatus for treating the clarified liquors is shown 
in Fig. 25 ; it consists essentially of four portions — (1) a dophleg- 
mation column A, of cast-iron, for the extraction of the volatile 
salts ; (2) a system of return condensers C, O', for the enrichment of 
the ammoniacal vapours before absorbing them in sulphuric acid ; 
(3) a horizontal cylinder B, with a mechanical stirrer, through 
which steam is passed, and into which the lime for decomposing 
the fixed salts is introduced; (4) an acid vat for absorbing the 
ammonia. The liquors to be treated are introduced at the bottom 
of the jacket of one of the condensers C ; they become warmed, and 
pass in the same manner through the jacket of the second con- 
denser C', and are then delivered into the column A by the 
syphor a. They* there give up their volatile salts and flow down- 
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wards in ^h.e* column, whilst the vapour increases m richness as it 
rises, and after passing through the condensers C' and <J, Leachesthe* 
acid vat. The liquefr when it reaches the cylinder B, becomes 



Fi(}. 25. — Apparatus for the Treatment of Ammomacal Liquor. 


A, Cast-iron distillation column for the i 

extraction of the volatile ammoniaeal 
compounds, and the emichinent of 1 
’ the vapour. 

a, Syphon pipe by which the ammoniaeal 

liquor enteis the column. 

B, Cylindrical boiler foi decomposition of 

the fixed salts by lime, and the ex- 
haustion of the liquors 

b, b, b, Wrought-iron partitions which com- 

pel the vapour to bubble through 
the liquid. 


C, C', Return condense! s. 

D, Lnne mixer. 

E, Lime hopper. 

F, Mechanical stirrer. 

G, Pipe conveying the ammoniaeal vapour 

to the acid vat. 

r, /, /•", Return pipes for condensed 
water. 

S, Escape pipe for exhausted lupior. 

V, Steam supply. 


mixed with* enough lime to decompose the fixed salts completely. 
It gradually parts with its ammonia, # and then flows away by the 
syphon S. The apparatus is heated by the waste steam from an 

engine, introduced at V, or Jby any other steam supply avtAlable. 

• • 
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The milk of lime is prepared in D, and is introduced into the 
toiler ‘by the pipe d. The mechanical stirrer F, which runs' through 
the whole length of the cylinder, keeps the liquor mixed and 

assists the removal of the ammonia. 'The cylinder B is°providfed 

with vertical partitions, b,<b, tyhich force the steam to pass through 
the liquid. The mixed vapours which issue from the column pass 
through the two condensers in succession, depositing f the greater 
part of their water, which flows back to different, parts of the 
column by the pipes r, r\ r", whilst the ammonia passes onward 
to an acid vat. Care has to be taken that the temperature of the 

gas issuing from the last coil should not be too low, in order to 

avoid the deposition of ammonium carbonate, which would obstruct 
the pipes. A temperature of 25,° to 39° C. is the most suitable. 



CHAPTER V. 

MANUFACTURE OF LIQUID AMMONIA, SAL AMMONIAC, PHOS- 
PHATES OF AMMONIA, AND CARBONATE OF AMMONIA. 

§ 1. Liquft) Ammonia. 

1. LfQuiD Ammonia is an aqueous solution of ammonia gas of 
greater or less strength and purity. It was formerly always 
manufactured’ by distilling sal ammoniac with lime ; this process 
gave a very pure ammonia gas, which after washing was dissolved 
in water. The high price of sal ammoniac led to the substitution 
of the cheaper sulphate. The decomposition is effected in a 
wrought-iron boiler furnished with a mechanical stirrer, and heated 
by a fire. By using sulphate, of ammonia obtained from urine, 
which is free from compound ammonias, a pure product is obtained, 
which is not the case with the sulphate from gas liquor. At 
the present time ammonia is only made from its salts in very 
special. cases ; it is usually obtained directly from gas liquor or 
fermented urine. 

£ Tarry Ammonia . — This may be obtained directly from gas 
liquor by Mallet’s apparatus, the gases being cooled completely 
before being dissolved in water. Such a product contains tarry 
matters and compound ammonias, which cause it to turn yellowish 
with age, especially if it is exposed to light. It is, however, 
possible to obtain colourless ammonia from gas liquor if the ammonia 
gas is more thoroughly washed before dissolving it in water. 

3. Colourless Liquid Ammonia . — This may be manufactured by 
Mallet's apparatus (Fig. 1 5), slightly modified : between the heater 
A, and the analyser G-, there is inserted a cast-iron distillation 
column F, of seven plates, and beyond the analjser there is a 
special purifier, which wiil be described further on. ^ S^ich an 
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apparatus, with boilers 1*6 m. in diameter, and respectively 0‘8, 1*1, 
and 1'35 rfi. high, is charged every three hours with 400 hecto- 
litres of ammoniacal liquor.v The method of 0 work is in general 
that alrea/ly described, with certain modification^. Thus, the boifer 
C is not in this case charged with gas liquor, but receives only 
the liquids condensed in the heater, column, and analyser. To 
these liquids, which are very rich in ammonia, there is added 
sufficient slaked lime to causticise the whole charge. The vapours 
given off from the boilers I) and E bubble through this mixture, 
and thus become completely causticised. The crude gas liquor, 
heated in A, is delivered directly into D, where- it becomes mixed 
with the lime from C. The vapours, after passing through the 
heater, rise through the column F, and come in contact with 
the very strong solutions condensed in G. This part of the 
apparatus, which is very thoroughly cooled by water, condenses 
almost the whole of the water vapour, and a large proportion 
of the foreign volatile substances. The passage of the vapours 
from the boiler ]) through the milk of lime in C causticises the 
volatile ammoniacal salts, which would otherwise contaminate the 
product. The ammonia gas issuing from the analyser is, however, 
not yet pure enough to yield a perfectly colourless liquid ammonia, 
but still contains small amounts of volatile ammoniacal salts, 
neutral substances, and compound ammonias. It is therefore 
passed through a further series of purifiers, shown in Fig. 26, 
before it is dissolved in water. 

This apparatus consists of— (1) a cast-iron column A,0'45 m. 
in diameter, containing fourteen chambers, and supplied with a strong 
solution of caustic soda by the funnel a\ (2) a similar column B, 
fed with either a vegetable oil or a heavy paraffin ; (o) a tubular 
saturator C, through the tubes of which is passed a current of 
the coldest water obtainable ; (4) a safety vessel 1), in which any 
gas which has escaped from the saturator may be condensed. 
The ammonia gas passing through the caustic soda, gives up 
nearly the whole of its impurities, and at the same time the 
last traces of the volatile ammonia salts are causticised, whilst 
the final passage through the oil removes the tarry matters 'and 
almost the whole of the volatile oily alkaloids. When the solution 
in C has reached the concentration desired, it is drawn out by 
the tap h , the water in D is run dojvn, and any further water 
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required, is added by the funnel H, fresh water is run into D/ 
and the operation is commenced anew, Liquid ammonia thus 
obtained N is colourless, and does not darken on exposure to light; 
it nevertheless contains fraces of impurities, wjiich 'produce a # 



Fig. 26. — Mallet’s Apparatus for Purifying and Dissolving Ammonia Gas. 


A, (Column of fourteen plates. 

a, Funnel for adding soda. 

R, Column of fourteen plates. 

b, Funnel for adding oil. 

C, C, Tubular saturator, cooled by water 

saturated at^/. 

D, Safety vessel. 

E, Pipe by which the gas arrives at 

the column A. 


F, Pipe conveying tlie gas to R. 

G, Pipe conveying the gas to the 

saturator. 

H, Safety funnel for running water 

into the satin ator. 

K, K', Taps for emptying the columns 
A and R. 


rose or brown colour when it is mixed with nitric acid. Ammonia 
gas may* also be purified by passing it through long columns 
filled with light wood charcoal to arrest empyreumatic products. 
Thg charcoal requires to be reburnt frequently to give satisfactory 
results. 
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To obtain liquid ammonia which will give no coloration 
when mixed with nitric acid, it is necessary to start with sub- 
limed sal ammoniac, or with sulphate made from urine, or the 
concentrated liquors or gases from the apparatus enqfioyed for 
working up qaux pannes mif y be employed directly. The Lesage 
Company manufactures a large quantity of very pure liquid ammonia 
from the crude solution of ammonium carbonate pf 10° Be., 
obtained from the apparatus of Margueritte and Soui^eval. Their 
apparatus consists of three parts — (1) a causticiser: (2) a pitrifying 
system; (3) a saturator. The causticiser is an upright wrought- 
iron cylinder A (Fig. 27), with a stirrer which can be worked 
by hand. At the lower part there is a system of closed steam 
coils, V, V'. 

A wide pipe t , with a rubber sleeve closed by a pinch-clamp, 
allows the vessel to be emptied at the end of the operation. 
The causticiser is furnished with a pipe a , for introducing the 
solution of ammonium carbonate from the lead vat E, a pipe h , 
for the escape of the vapour, and an opening o, for adding lime. 
The purification system consists of — (1) an iron coil B, fixed in 
a tank through which a current of water Hows. The steam is 
here condensed to water, which in the vessel C is heated by a 
steam coil V", and returns by tfie pipe c to the causticiser; (2), 
a series of three leaden washing vessels, /, l\ l", containing caustic 
soda lye of 26°, which can be run down from one vessel to the 
other. 

The saturator is a wrought-iron cylinder, S, set in wooden 
vat kept full of cold water, and containing the water to be 
saturated by the gas which enters by the tubes c and fl Any 
ammonia which escapes absorption passes on to the vessel -s. 
The solution is drawn off by the pipes g and h into carboys. 
Several such absorbers are connected with the main pipe e, so 
that the work may be continuous. 

An operation with this apparatus is conducted as follows : — 
Into the causticiser A there is introduced a quantity of milk of 
lime amply sufficient to decompose all the ammoniacal salts in 
a charge of about 250 litres of carbonate solution of 16° ‘Be., 
which is then gradually (during three hours) run into the lime. 
The decomposition proceeds rapidly, and after four hours, heating 

up mhy be commenced by sending steam first through one coil, 

< ( 
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and then through both, fo drive off the liberated amtoojiia. The 
‘vapours which escape contain ammonia, ammonium carbonate, and 
steam. The two latter are* to a great extent removed by cooling 
in the cqil B, and flow back to the ^austiciser, after a ’moderate 
heating in C, whilst th^, gaseous products issuing from C are 
still further purified from the last traces of t carbonate in their 
passage through the three caustic soda washers, and finally reach 
the absorber S, where they are dissolved. Wherv drawing off 
the solution, the pipe / is closed by a clip, and the aiflmonia 
gas sent to another similar absorber. When the charge in A 
is so far exhausted that no more gas passes « through the soda 
vessels, the steam supply is stopped, and the contents of A are 
drawn off. They still contain ^ome ammoniacal compounds, as 
it is not advisable to push the exhaustion of the liquors too 
far. They are therefore allowed to clarify, and are neutralised 
by hydrochloric acid, and evaporated, yielding sal ammoniac. , 

The liquid ammonia prepared by this process does not become 
coloured when exposed to light, or when mixed with nitric acid. 
It contains only the impurities of the water employed for absorbing 
the gas, and traces of ammonium carbonate. To obtain a perfectly 
pure product, it should be redistilled with a little slaked lime, 
and the gas condensed in distilled water. Bure liquid ammonia 
leaves no residue when evaporated on platinum foil, gives no 
precipitate with calcium salts, and, after acidifying with pure 
nitric acid, does not precipitate silver nitrate. 

In our opinion the three caustic soda vessels of the apparatus 
here described might advantageously be replaced by a small cast- 
iron distillation column, through which the caustic soda lye ‘would 
be allowed to flow. 

Liquid ammonia is lower in density than water ; it is sent out 
of several strengths according to the use for which it is intended. 
Most of it is sold at 22° Cartier ( = specific gravity 0*918), a 
certain amount at 24° Cartier (0*904), and a small quantity at 
28° (0*881). 

Ammonia is employed in medicine as a rubefacient and re- 
vulsive, and to produce vesication. In small weak doses *it is u‘sed 
as a corrective for alcoholic intoxication, and it is also employed in 
veterinary medicine as a corrective for flatulence. 

Iinthe arts it is used for cleansing, woollen fabrics, for mixing 
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%ith the, scales of whiting for the manufacture of imitation pearls,- 
for preparing ammoniacal cochineal liquor and archil.* The liquid 
of density 0*881 is Used in the Carrdmnd Linde freezing machines 
Hhe greatest consymption, however, is in the manufactitfe of soda 
by the Solvay process, in which f? solution of sgdium chloride* 
saturated with caugtic ammonia is treated with carbonic acid gas. 


• Density at 14° of Aqueous Solution of Ammonia (Canos). 


Ammonia 
per rent. 


Density. 


Ammonia 
per cent 


Density. 


Ammonia 
per cent. 


1 

2 

3 

4 

5 

6 

7 

8 
9 

10 

11 

12 


0-9959 1 

13 

0-9915 ! 

1 1 

0-9873 ' 

15 

0-9831 

16 

0-9790 I 

17 

0-9749 *j 

18 

0-9709 

19 

0-?l670 , 

20 

0 9631 ! 

21 

0-9593 ! 

i 22 

0-9556 

23 

0-9520 

! 21 


0-9184 

25 

0-9419 

26 

0-9444 

27 

0-9380 

28 

0-9347 

29 

0-9311 

30 

0-9283 

31 

0-9251 

32 

0-9221 

33 

0-9191 i 

34 

0-9162 i 

35 

0*9133 

36 


Density . 


0-9106 
0-9078 
0-9052 
0-9026 
0-9001 
0-8976 
0-8953 
0-8929 
0 8907 
0-8885 
0-8864 
0-8844 


§ 2. Ammonium Chloride (Sal Ammoniac). 

• 

1. Manufacture from fermented urine . — A small amount of this 
salt is obtained by neutralising with hydrochloric acid the solution 
of ammonium carbonate obtained by Marguerittc and SourdevaTs 
process for the treatment of can vanne. This solution is worked up 
by the Lesagc Company partly for the manufacture of ammonium 
chloride. The solution of ammonium carbonate is drawn out into 
carboys, which are then placed on a platform by the side of a large 
rectangular lead-lined vat, with a cover and draught pipe leading to 
a chimney. The solution is run down into the vat by syphons of 
glass or lead, whilst simultaneously, from another set of carboys, 
ordinary commercial hydrochloric acid of 18° to 20° Be. is run 
down in such quantity as to keep the mixture neutral. Through- 
out the operation a mixture of carbonic acid and hydrogen sulphide 
gafces is tvolved, which is carried off by the chimney, whilst the 
temperature of the liquid rises, and unless care is taken ammonium 
carbonate would be lost by volatilisation. The mixture is left 
slightly acid at the end of the operation, and the solutiorf is then 
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. evaporated by passing steam through a coil of lead pipe'lykig at the 
bottom of the vat. During the evaporation the cover of the vat is 
removed, but temporary wooden flaps are laid' on it in such posi- 
tions that the 4 steam is carried off by the chimney instead of 
f escaping into^ the workshop. 1 ' When sufficiently concentrated, the 
solution is run down into lead-lined crystallises, where it cools 
slowly and deposits a perfectly white salt. In this operation, metal 
taps, which would he rapidly corroded by the solution, are* replaced 
by rubber tubes closed by compression clips. To obtain the salt in 
small crystals, great attention must be paid to the degree of 
concentration of the solution, and the contents of the crystallisers 
must be stirred several times a day. When the crystallisation is 
completed, the mother liquor is re-turned to the neutralisation vat 
for a subsequent operation, and the salt is removed by wooden 
shovels, drained in baskets, and dried. 

< 

Kuentz has suggested the following method of utilising directly 
the ammonia gas from the distillation columns in which fermented 
urine is treated ; native calcium phosphate is decomposed by hydro- 
chloric acid so as to obtain acid calcium phosphate and calcium 
chloride, Ca 3 (l > 0 4 ) 2 + 4HC1 = CalI 4 (P0 4 ) 2 + 2CaCl 2 . This mixture 
is then treated in a closed vessel with the ammoniacal vapours from 
the still, which consist mainly of avmionium carbonate with a little 
ammonia, or it may be treated with the concentrated ammoniacal 
liquor. A precipitate is produced consisting of dicalcic phosphate 
and calcium carbonate, which is valuable as a fertiliser, whilst the 
whole of the chlorine is obtained as a solution of ammonium 
chloride, which is separated and crystallised. The uncondensable 
gases are passed through lime and then burnt in a coke fire. 

As far as we are aware, this ingenious process has not been 
practically employed on the large scale, 

2. Manufacture from Oas liquor . — In England and Scotland 
much sal ammoniac is manufactured from tarry gas liquor, the 
liquor, freed as far as possible from tar by subsidence, being directly 
neutralised by hydrochloric acid and evaporated. The liquors are 
placed in large wooden vats furnished with mechanical stirrers, and 
ordinary commercial muriatic acid is gradually run in ; the gaseous 
products, which in this case carry off some tarry matters, are passed 
through a fire in the usual manner. Much of the tar, which t was 
held involution by the ammonia, becomes insoluble when the alkali 
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is neutralised, and is separated from tne liquid by prolonged sub- 
sidence.* The clarified liquor, which is strongly coloured, is .boiled 
down in cast-iron paps set directly over a*fire. A further quantity 
of tar becomes insoluble a§ the concentration progresses, and is 
removed by skimmers. A small quantity «of chalk # 0r lime is added * 
to the pans to neutralise free acid and prevent the boilers from 
being attacked. When concentrated to specific gravity 1*25, the 
solution is fun down into crystallisers, in which it is stirred three or 
four twines a day during the crystallisation to promote the formation 
of small crystals, which are more suitable than large ones for sub- 
liming. The crude ammonium chloride is obtained in granular 
crystals of a dee]) brown colour, due to the presence of tarry mutter. 
It is partially purified by heating it on cast-iron plates, the volatile 
tarry substances and the water being driven off, whilst the remaining 
tarry matter becomes carbonised; at the same time the ammonium 
sulphate and thiosulphate, which the crude salt always contains, 
are decomposed. By careful working, and constantly stirring the 
mass, this operation can be conducted without appreciable loss of 
ammonium chloride. The greyish product is then sublimed, and 
yields commercial sal ammoniac , as a white mass, of fibrous structure 
and of a high degree of purity (see below, Chap. v. 5). 

Kuentz has proposed to manufacture ammonium chloride in gas- 
works by treating the crude gas* liquor directly wittf impure ferric 
chloride obtained f«om pyritic schist and common salt. A weak 
solution of ammonium chloride is thus obtained, together with a 
precipitate of ferric hydroxide mixed with a little sulphur, which 
may be used in the gas purifiers. The gas liquor is treated with 
the ferric chloride solution as long as any precipitate is produced, 
and the mixture is thrown upon a filter. The clear filtrate is 
evaporated by waste heat, and the precipitate, mixed with sawdust 
to render it porous, and gently dried, forms a very efficient purifying 
material. In this way, by the use of a very inexpensive material, 
the ammonia in the gas liquor can be completely converted into 
ammonium chloride without the evolution of any offensive gases. 
A process for the purification of coal gas has also been adopted in 
Fiance by Mallet, by means of the residual liquor from the pre- 
paration of chlorine, which yields a precipitate of manganese 
carbonate and sulphide, with ferroAs sulphide, and a solution of 
anftnonium chloride. Many of the processes employed for.*working 
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up gas liquor or fermented urine yield a product containing 14 
to 1 8 i per pent, of ammonia in the form of carbonate. Any of 
these liquors can be used for making ammonium chloride by the 
same process as that adopted in the, case of the product frortl 

t , ' ( 

f Margueritte’s apparatus. ( t 

Kuentz has also suggested, as a means of avoiding the evolution 
of gas during the neutralisation of these solutions, to treat them in 
the cold with a solution of calcium chloride, and pass the ( mixture 
through a filter press. The filtrate, feebly ' acidified by hydro- 
chloric acid, is then evaporated. This process would seem to be an 
economical one, if the almost valueless calcium yhloride from the 
ammonia-soda process is employed. 

The solutions of ammonium chloride are always evaporated in 
metal pans, either by direct fire, as in England, or by steam. If 
iron pans are employed, the metal is acted on, and a double chloride 
of iron and ammonium is produced, which volatilises when the salt 
is sublimed, and gives a coloured product. This inconvenience, may 
be obviated by the addition of acid calcium phosphate, which forms 
non-volatile ferric phosphate, or by evaporating the solutions in 
leaden vessels. 

The ammonium chloride employed for charging the Leclanch6 
batteries used in telegraphy, must be free from lead. To prepare 
it for this purpose, it must be freed from heavy metals by treating 
the solution with ammonium sulphide, and filtering before it is left 
to crystallise. 

3. Ammonium Chloride from the distillation of Animal Matter . — 
Laming has proposed to purify the distillate obtained in the manu- 
facture of bone charcoal by means of fatty oils, and to treat the 
purified liquors with calcium chloride. A process has also been 
worked out by J. B. Divis, which yields a product pure enough to 
be used without subliming. The distillate is left at rest in wooden 
vessels for three or four days, and the tar which collects at the 
surface is skimmed oik The liquor is then gently heated and 
mixed with a strong solution of calcium chloride, in such quantity 
that the solution just ceases to effervesce with hydrochloride acid, 
excess being carefully avoided. The precipitate of calcium garbonate 
carries down the impurities, and after pressing can be used as a 
manure, whilst a solution of ammonium chloride of fair purity is 
obtained,. The solution, which is slightly yellowish, is boiled up, 
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Bkimmed^and filtered hot through a mfxture of coke and wood 

charcoal*, supported by a layer of straw, in a wooden vat 1:25 tcf 
1-5 m. high, and 0*45 to 0*6 m. in dijmeter. The filtered liquor 
is*evaporated in a shallow pan, furnished with a cover an<^ draught- 
pipe leading to a ctiimney to remove **th£ ‘’offensive vapour. Fresh 
solution to run in as the evaporation proceeds, and when the 
surface becomes covered with a saline crust the evaporation is 
stopped, qnd^the ammonium chloride which has salted out is re- 
moved* to conical moulds resembling those used in sugar refining. 
The contents of these moulds are stirred to promote the formation of 
small crystals, and , when crystallisation is complete the points of 
the moulds are pierced, the mother liquor allowed to drain away, 
and the crystals washed by percolation with a saturated solution of 
the salt, obtained by removing the upper portion of the crystalline 
mass to a depth of about an inch, and dissolving it in water. Two 
more washings ar$ given with solutions of white salt ; the contents 
of the moulds, are then turned out, crushed with a wooden pestle, 
and allowed to dry. The mother liquor and the first washings are 
boiled down ; later percolates are used for the first washings of 
fresh charges. The ammonium chloride obtained is of a high 
degree of purity, being free from calcium and iron, and having only 
a faint tarry odour. 

4. Manufacture from Ammonium Sulphate . — From the year 
1795 sal ammoniac 1 and sodium sulphate were manufactured by 
Payen at Grenoble by decomposing common salt with a hot solution 
of ammonium sulphate of 21° Be. ; the sodium sulphate crystallises 
out, leaving ammonium chloride in solution. For the manufacture 
of sodium sulphate this process has long been displaced by more 
economical methods. The reaction has, however, been utilised in 
England more recently for the manufacture of ammonium chloride 
from gas liquor. The ammonia in the gas liquor is concentrated by 
distillation and neutralised by chamber sulphuric acid, and to the 
solution so obtained sodium chloride is added. On boiling down 
the mixture the less soluble sodium sulphate salts out, and is 
fished from the evaporating pans, drained, and washed, to free it 
from adhering ammonium chloride. When saline crusts begin 
to form on the surface of the liquid, the concentration is stopped ; 
the liquid is left at rest to deposit the sodium sulphate, and the 
solution is run into lead-lined crystallisers. i^fter cooling, the 
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mother liquor is run off* and the crystallised salt i$ cjried and 
sublimed or 'purified by recrystallisation. 

The following table siiows the solubility of 1 ammonium chloride 
in water a,f various temperatures : — * 


1 

Temperature 

' r 

Ammonium Chloride 
dissolved by 100 parts of 
Water. 

Temperature. ^ 

Ammonium Chloride 
dissolved by 100 parts of 
Water. 

r>° 

‘28*40 ! 

60° 

. 55 >04 

10° 

32*84 

70° ' 

59*48 « 

20* 

37*28 

80" 

63*92 

30° 

41*72 

90° 

68*36 

40° 

4(1*16 

100° 

72*80 

50° 

50*60 

110° 

- 77*24 


5. Sublimation . — Ammonium .chloride obtained by any of the 
above processes may be purified by sublimation. Originally 
obtained from Egypt and certain Asiatic localities, sal ammoniac 
was brought to Europe as early as the seventh century, in cakes 
with a fibrous fracture, more or less stained with empyreumatic 
substances. At the present day two modes of sublimation are in 
use. The French method yields small white or grey cakes, which 
resemble in appearance those brought formerly from Egypt, and for 
which there is a constant demand, whilst the English method 
produces larger and thicker crusts. 

The dried salt, when heated, volatilises, and the vapour con- 
denses on the cooler parts of the vessel, forming a white translucent 
layer. In this operation it is essential that the temperature should 
be constantly maintained at the point at which the subjimation 
proceeds slowly : at too high a temperature a considerable loss 
would be incurred, the cake would not possess the correct texture, 
and would be contaminated by empyreumatic products, resulting 
from tarry matters which were not destroyed by the roasting. 

In England the sublimation of ammonium chloride obtained 

from gas liquor is carried out in large cast-iron subliming pans lined 

with fire-brick, and furnished with cast-iron covers, which are fixed 

down by keys, so as to make a tight joint capable of resisting the 

internal pressure developed during the sublimation. It is on the 

under side of these covers that the sal ammoniac is depc sited, i’n a 

layer 4 to 6 in. thick. The pans used are from 3 to 9 ft. in 

diameter, and take charges of 1 to 9 tons each. The covers can be 
* (1 <• 
raised by a chain pulley affixed to the roof. 
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When ft pan has been charged arM covered, it is at first 

heated Vapidly to the temperature of sublimation, ^fter . which 
the heat is regulated so that the operation proceeds slowly and 
uniformly. A small hole in, the cover allows the escape of the air, 
with small quantities of gas and steanl; ^it’is closecfl)y an iron plug 
as soon as fumes of sal ammoniac appear. To prevent the covers 
from cooling too rapidly, a layer of sand or ashes is placed upon 
them. The^ operation is not continued long enough td sublime 
the entire charge, as ‘impurities accumulate in the last portion, and 
would, if volatilised, injure the colour of the product. When a 
sufficient quantity^ of this impure residue has accumulated from 
successive charges, it is removed and washed, and the solutions are 
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Fig. 28. — Furna qg Jinr the sublimation oi sal ammoniac in pots, 




added,to those in the evaporating pans. A sublimation lasts about 
a week : when the pan has cooled sufficiently, the cover is raised, 
the crust is detached, and any portions coloured by contact with the 
iron are removed, and returned to subsequent operations. 

In France the sublimation is always performed in earthenware 
pots 0*5 m. high and 0*3 to 0*35 m. in diameter. Fig. 28 shows 
the arrangement adopted. The pots, twenty in number, are arranged 
in two rows on the arch of a furnace, where they are exposed 
to t*he flakes rising through the apertures 0, 0. The top of the 
furnace is formed by a cast-iron plate F, F, through holes in which 
the pots are introduced, and which donfines the heat to the lower 
two^hirds of their height. On this plate lies a layef of san(\, which 
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can be heaped over the p£ts when required. The pots, 0 first coated 

With a clayolute, are dried in the subliming house; they are then 

charged with crystallised apamonium chloride as dry as possible, 

'set in the (j furnace and covered with sand. The heat is then raised 

slowly, to avoid cracking 4 the <pots. Steam is at f first given off from 
1 

the openings S, S, and when thick white vapours of sal ammoniac 
appear, an ordinary flower-pot p is inverted over each opening to 
condense' them. 

The operation is carried on as in the English process : the sal 
ammoniac is deposited in the upper parts of the pots at A, A, and 
in the flower-pots p,p ; and gradually closes up tfye openings, so that 
towards the end of the operation, when the temperature has to be 
somewhat raised to give the product the requisite texture and trans- 
lucency, an internal pressure is caused in the pots. To obtain cakes 
of sufficient weight, it is necessary to recharge the pots several times. 
The hole is therefore cleared out with a tool like a centrebit, and 
the whole operation is repeated as at first. After two or. three 
charges the cakes will have reached the greatest attainable thick- 
ness : the pots are allowed to cool and are broken to get out the 
sublimed cake, which, if the original salt was free from iron and 
tarry matter, will be found to be perfectly white and of hjglier 
purity than that made in iron subliming pans. If it is desired to 
obtain a grey sublimate, which some consumers prefer to the white 
one, a little fat is thrown into the pot from time to time during the 
sublimation. In some works, glass vessels, which are cheaper than 
the earthenware pots, have been employed. ^The sublimation of sal 
ammoniac, especially by the French process, is a costly operation, 
whence the price of the sublimed salt is considerably higher than 
that of the crystallised salt. An attempt was made some years 
ago by the Lesage Company to replace the sublimed salt by a 
cheaper product, in the form of cakes 1 in. thick and 4 in. in 
diameter, obtained by strongly compressing the crystallised salt; 
but it did not meet with acceptance, and the manufacture was not 
continued. 


§ 3. Ammonium Phosphates. 

Phosphoric acid H 3 P0 4 , forms three compounds with ammonia, 
the normal or neutral phosphate (NH 4 ) 3 P0 4 , the diammonic, or 
intermediate phoiphate (NH 4 ) 2 HP0 4 , and the monammonic, or 1 acid 
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phosphate (NH 4 )H 2 P0 4 . The first of these salts is not manufac-. 

tured (fommercially ; the two others, especially the *in tenjied iatte 
phosphate, are now •commercial products! The acid phosphate has 
been manufactured for man^ years, but it was not until 1871 that 
Lagrange, having ^utilised this salt *in Sugar reining, found its* 
preparation on the large scale necessary. The manufacture was 
taken up by Storck at Asnieres, and the article is now sent into the 
market in a^perfectly pure state. The acid ammonium phosphate 
is prepared by treating acid calcium phosphate with ammonia and 
evaporating and crystallising the filtered solution ; the intermediate 
phosphate, by adding ammonia to a concentrated solution of the 
preceding. 

We take the following details of the manufacturing processes 
from the account published by Lagrange : — 

* Acid calcium phosphate is prepared by treating finely powdered 
apatite or phosphorite with an equal weight of concentrated 
sulphuric acid in a cast-iron mixer with a mechanical stirrer. 
The mixture heats considerably and gives off gases rich in hydro- 
fluoric acid, which are carried oil* by a chimney. After six hours, 
the pasty mass, consisting of calcium sulphate, acid calcium 
phosphate, phosphoric acid, and the excess of sulphuric acid, is 
submitted to systematic extraction with water. For this purpose 
it is divided between four vats of equal capacity, each of which 
is furnished with a* steam pipe. The contents of the first vat are 
thinned with water, or the weak washings from a previous opera- 
tion, and are boiled up by steam. The solution is separated from 
the insoluble matter by filtration through wicker baskets lined with 
filter, cloth, and is passed in succession through the three other 
vats, boiling up in each of them. The residue on the filters is 
washed with boiling water and pressed. It consists almost entirely 
of calcium sulphate. The solution from the fourth vat, which 
marks 25° Be,, and contains free phosphoric acid, acid calcium 
phosphate, calcium sulphate, and a little sulphuric acid, is treated 
with a small excess of barium carbonate, which removes the 
sulphuric acid completely. The clarified solution, now containing 
nothing but acid calcium phosphate, free phosphoric acid, and a little 
acid barium phosphate, is mixed with a small excess of ammonia, 
when all the calcium is precipitated at? tribasic phosphate, which after 
washing is returned to the apatite mixer. The Altered liquid is ft 
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. solution of monammonic phosphate, which has now to be converted 
into the diammonic salt. If the operation has been carrieci out as 
described, this liquor will (pave a density of 20° Be., and this 
strength js necessary for the precipitation of the diammonic salt, 

' which is effected by r imping the solution into' small crystallisers, 
simultaneously with liquid ammonia of 22° (specific gravity, 0*91 8), 
employing 14 equivalents of ammonia for 1 equivalent ^of ammonic 
phosphate. The diammonic phosphate crystallises out as, the solu- 
tions mix. The crystallisers must be covered to avoid loss of 
ammonia from the elevation of temperature which ensues. After 
cooling, the crystals are drained and pressed, whilst the mother 
liquor is distilled to recover the ammonia, which is used over again. 
The pressed crystals consist of pure diammonic phosphate, which is 
employed in Lagrange’s sugar-refining process. 

§ 4. Ammonium Cakbonates. 

Three ammonium carbonates are believed to exist, the normal 
and acid salts, and the sesquicarbonate formed by the combination 
of the two former, but of these the normal salt has never been 
isolated, in consequence of the readiness with which it parts ydth 
its ammonia. It is therefore only known in solution, and the 
prismatic crystals which separate from an alcoholic solution of the 
sesquicarbonate, saturated with ammonia, arcf' the simple sesqui- 
carbonate. The bicarbonate or acid carbonate is obtained by 
saturating an aqueous solution of the sesquicarbonate with carbonic 
acid. When commercial ammonium sesquicarbonate is treated 
with small quantities of water or alcohol, neutral carbonate is 
dissolved out, and a residue of bicarbonate, which is insoluble in 
alcohol, is left. On exposure to air the sesquicarbonate loses 
ammonia and is converted into the acid carbonate ; the latter 
slowly volatilises, giving off an ammoniacal odour. It crystallises 
from water in large orthorhombic prisms. Ammonium bicarbonate 
has been met with in crystalline masses, of yellowish white colour 
and density 1*45, in the guano deposits of Peru, Chili, and the 
western coast of Patagonia. * 

Ammonium Sesquicarbonate : preparation from Animal Matter. 
— Pure ammonium sesquicarbonate is obtained by dissolving the 
commercial carhouatc in p.ansHo. ammonia and allowing t.hc ftnliVrinn 
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to crystallise : it separates in large orthorhombic prisms, which on. 
exposure to air become opaque, and are converted *into the bi- 
carbonate. The commercial article (ycil volatile) consists chiefly of 
fhe sesqfuicarbonate. 

When animal matters, such as l?oqe, horn, leather clippings, or* 
muscular tissue, aye submitted to dry distillation, the organic matter 
is decomposed and yields ammonium carbonate mixed with a little 
sulphide, waiter, and complex oily products. The quantity of 
ammonium carbonate thus obtained varies with the nature of the 
raw material, with the mode of distillation, the temperature 
employed, and the perfection of the condensation. Ammonium 
carbonate, which is the principal product, is partly deposited in the 
solid form in the coolers, if dry .materials have been employed and 
water has not been added to assist the condensation. The product 
thlis obtained, in crusts, stained yellow by the presence of tarry 
.matter, was formerly known as salt of hartshorn , whilst the aqueous 
solution obtained at the same time was called spirit of hartshorn. 
The purification of these products is long and difficult. Sublimation 
is the only method applicable ; it yields a product containing traces 
of empyreumatic substances, which is known in pharmacy as 
amyioniacum carbonicum pyro-olcmn. This product may be com- 
pletely freed from its impurities by mixing it with animal charcoal 
and resubliming. Tt is then white, translucent, and fibrous, has an 
ammoniacal odour Slid caustic taste. 

These operations being costly, it is preferable to convert the 
impure carbonate, obtained as we have described in Chap. III., 
into sulphate, and from this obtain the pure carbonate at once. 

Either ammonium chloride or sulphate, mixed with twice its 
weight of chalk, may be used. The mixture is heated in a cast-iron 
retort, connected with a leaden receiver cooled by water. The 
mixture is gradually heated to dull redness; ammonia, water 
vapour, and ammonium sesquicarbonate are evolved, and the last 
condenses as a white mass in the receiver. The addition of a little 
wood charcoal to the retort charge improves the colour of the 
product. 

• English Process. — In England, ammonium carbonate is manu- 
factured from the crude chloride obtained by neutralising gas liquor 
with hydrochloric acid. The crystallised salt thus obtained is dis- 
tilled with twice its weight of chalk in horizontal cast-ircn retorts 
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2 m. long and 0*5 m. wide, similar to those in use tor making 

coal gas. These retorts, of which three to five are set in the 

same furnace, are connected' by large cast-irbn pipes with two 

small leaden chambers, 2 m. high, 2£ fh. long, and 0*75 ft. wide, 

‘arranged in series, and employed as condensers for the ammonium 

carbonate. Each of these chambers has one of f j.ts sides movable, 

for the removal of the product, and there is a small pipe which 

allows the escape of a little water vapour and a. solution of 

ammonium carbonate, which is collected and returned to' 1 the 

process. The materials employed must be thoroughly dry, and 

during the whole of the distillation the mixture must be stirred 

by a rod passing through an opening in the door of the retort. 

As ammonium carbonate begins to r ublime at about 5 0° C, the firing 

must be done with care and regularity. As soon as a charge is 

exhausted it is drawn from the retort and a fresh one introduced, 

and the sublimation proceeds for fourteen or fifteen days before the (J 

receivers are opened to remove the product. The condensed°car- 

bonate forms crusts, somewhat coloured by tarry matter, and rendered 

impure by small quantities of lime salts carried over by the current 

of gas. It is purified by a resublimation, conducted very slowly in 

cast-iron pots, 0*33 m. in diameter and 0*75 m. high, covered with 

leaden domes, and heated by the fiye gases of the retort furnaces. 

These pots are sometimes replaced by large pans, 4 or 5 m. long, 

0*75 m. wide, and 0*75 m. deep, covered with cast-iron plates luted 

on air-tight, and pierced with eight circular holes 0*33 m. in 

diameter, on which the leaden domes are adjusted. The crude salt 

from the chambers is placed in the tank with a certain quantity of 

water, and the leaden domes having been put in their placed, the 

boiler is gently heated, the heat being controlled by observing a 

thermometer inserted into the dome the most distant from the fire. 

The operation lasts fourteen days, and the ammonium carbonate is 

then found in the domes in the form of white, translucent, fibrous 

crusts, which only require the removal of the surface which has 

been in contact with the metal. The liquid remaining in the pan 

receives a new charge of the crude salt, and a fresh sublimation 

is commenced. t 

Uses. — Pure ammonium carbonate is used in medicine, and 

i 

as a baking powder in making pastry to give lightness to the 
paste. St may be* used for the preparation of any other salt of 
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ammonium,’ and in common with caustic ammonia it may be 
employed for the removal of grease from fabrics, and for develop- 
ing the dyes obtained from lichens. # Its chief use is, however, 
for the decomposition of sodium chloride in the manufacture of 
sodium carbonate. 



CHAPTER VI. 


RECOVERY OF AMMONIA FROM THE RESIDUAL LIQUORS 
OF THE MANUFACTURE OF SODA BY THE AMMONIA 
PROCESS. 

1 

§ 1. General Considerations. 

The manufacture of soda by the ammonia process is based on the 
reaction which occurs between solutions of sodium chloride, and 
ammonium bicarbonate. As shown by the equation NaCl-f 
NH 4 HC0 3 = NaHC0 3 + NH 4 C1, there is obtained a precipitate of 
sodium bicarbonate and a solution of ammonium chloride. The 
actual composition of the mother liquor from the precipitated 
bicarbonate is, however, much more complex. It actually contains 
ammonium chloride, ammonium carbonate, sodium bicarbonate, and 
the excess of sodium chloride added intentionally. It would be 
uneconomical to treat these mother liquors at once with lime for 
the recovery of the ammonia they contain, since lime would be 
wasted by combining with the carbonic acid of the ammonium 
carbonate and sodium bicarbonate, and the carbonic acid of these 
salts would also be lost. 

If, however, these mother liquors are distilled, the ammonium 
carbonate and the carbonic acid of the sodium bicarbonate are both 
recovered ; for, on heating, an inverse reaction between ammonium 
chloride and sodium bicarbonate takes place, with production of 
sodium chloride and ammonium bicarbonate: NH 4 C1 + NaHC0 3 
= NaCl + NH 4 HC0 3 . Since the mother liquors contain 6 per 
cent, of sodium bicarbonate, this recovery of carbonic {icid is' of 
considerable importance. After distillation, the mother liquor 
contains only chlorides of ammonium and sodium, and can now 
be treated with lime for the recovery of the ammonia. Both* the 
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free ancUc&rbonated ammonia are passed ftito condensers containing 
solution of sodium chloride. There is thus obtained an#ammoniacal 
brine which is used fbr a fresh prepai^ition of sodium bicarbonate. 
Ae resMuary liquors, whteh contain only calcium an*l sodium 
chlorides, lime, ancf impurities, are run tp waste. 


§•£. Apparatus of Schlcesing and Eolland. # 

• • 

This apparatus, which fulfils the conditions which we have 
pointed out for the treatment of the residual ammoniacal liquors, 
is shown in Fig. 2$ ; it consists of five distinct parts — 

1. A vessel called the little still No. I, in which the liquor is 
deprived of its carbonic acid. # 

2. A similar vessel, called the little still No. 2, for the 
elimination of carbonic acid and ammonia. 

. 3. The lime mixer , in which the liquors from 1 and 2 are 

mixed with lime. 

4. The large still , in which the liquors are completely freed 
from ammonia. 

5. The condenser , not shown in the figure, consisting of two 
concentric cylinders strongly cooled with water, in which the 
water vapour carried off* by thg ammonia gas from the large still 
is condensed and returned to the column by the pipe t. 

Each part of tflis apparatus is heated independently by steam 
introduced at Y lf V 2 , V 8 . The gases which escape by the 
openings S 2 , S 8 , are passed separately into a tank containing sodium 
chloride solution, where they are condensed ; those from S x , which 
consist mainly of carbonic acid, are collected in a counterpoised 
gasholder. 

The mother liquor is run into the apparatus in a constant 
stream by the syphon tube r i\. As it passes downward from one 
shelf to another, and meets the current of steam travelling in the 
opposite direction, it is heated to such a temperature (50° to 60° in 
the upper compartment) that it parts with carbonic acid containing 
only a small quantity of ammonia. It then passes by the syphon 
tube T 2 Jrfto the second still, wher^ it meets with sufficient steam 
to maintain a temperature of ebullition in all the compartments. 

When it reaches the bottom of the second still, the liquor is 
practically free from amiqonium carbonate ; it then flows* by the 
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syphon tube T 3 into the lime mixer. This is a wrov.£ht-iron 
horizontal cylinder containing a mechanical stirrer which revolves 



Fig. 29. — Apparatus of Schkesing and Rolland. 

slowly. Slaked lime, introduced through K in a thick paste, is 
propelled into the 4 vessel by the screw revolving in a horizontal 
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cylinder $t- such speed as always to keep an excess of lime in 
the mixture. Samples are removed at intervals to insure the* 
fulfilment of this condition. The pas^e of lime in the hopper 
K forms a sufficient obstaefb to any loss of ampionia #by that 
channel. The liquor, mixed with lime, « passes then ^ f the pipe 
T 4 into the large ^fcill, which is a wrought-iron column of eight 
compartments, constructed with a special view to its being readily 
cleaned omt. • The lime, which gradually settles on the plates 
would eventually obstruct the column altogether ; and it is found 
necessary to clean it out at least once a week, for which purpose 
a workman enters • through the manhole l , and through similar 
openings at m, n, o> etc., is able to pass through all the compart- 
ments. The liquor, when it has passed through the column, escapes 
by the pij*e T 5 , completely deprived of ammonia. 

The apparatus just described would appear to fulfil the con- 
ditions required by the problem, in so far as it separates the 
operatfons of the simple distillation and the treatment with lime, 
whilst being continuous in its work ; but it is nevertheless open 
to many objections. The adjustment of the three supplies of steam, 
Vi, V* V* is one difficulty: the separation of the functions of 
the trtvo small stills Nos. 1 and 2 is by no means indispensable ; 

• it would be simpler to distil i>ver the carbonic acid and the 
ammonia existing as carbonate at one operation. Further, the 
introduction of a paste of slaked lime into a boiling solution rich 
in ammonium chloride, produces a violent and irregular evolution 
of ammonia gas, which disturbs the steady progress of the 

# operation. This difficulty has been recognised by Schhesing and 
Bollanct, who suggest the partial cooling of the lime cylinder by cold 
water. Grave inconvenience is also caused by the column becoming 
choked with the lime mud. Finally, the wrought-iron of which stills 
1 and 2 are constructed, is rapidly corroded by the boiling solution 
of ammonium chloride : cast-iron would probably last longer. 

§ 3. Apparatus of the Socii'te Anonyme des Froduits 
Chimiques ije # i/Est. 

This company, which has an alkali works in the suburbs of 
Nancy, has recently patented an apparatus which solves the same 
problem in a simpler mannej, and avoids the incofiveniences*which 






Fin. 31. — Cones piled up in the Boilers C and D. 


Description of Figs 30 and 31. 

A, B, Cast-iron stills for driving oil carbonic into the tubes m , m, m of the separator, 

acid and ammonia. and from which the condensed water 

C, D, Lime boilers, in which the liquors arc Hows th tough Tj into the boiler A. 

treated after passing through A and n, n\ Limits within which the level of the 
B. liquor m C is kept. 

E, Pipe which conveys the steam from D to C R, R„ Stop-cocks by which the contents of C 

F, Pipe which conveys the steam from C to B. are run into D, and those of D are 

G, Pipe which conveys the steam from B to A. inn away. 

H, Pipe which conveys the steam from A to S, Lime vat tap. 

th$ first compartment of the collector N. T* Pipe for entrance of the mother liquor to 

K, Pipe for running down milk of lime fiom be treated. 

the vat 0. T lf T 2 , Pipes through which the liquors flow 

M, Separator, in which the water carried off • successively into A and B. 

by the ammonia gas condenses, and from /, Pipe conveying liquor iiom B to C. 

wlffbh it flows into the collector N. V, Steam-cock. » ♦ 

N, Collector, partitioned into compartments, Z, Pipe conveying the ammoniS and ammon- 

from which the Vapours pass successively ium caibonate to the brine tanks. 
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we have pointed out. <TRis apparatus, shown in Fig. 30, consists 
t essentially of three parts — c 

1. The cast-iron stills A and B, the number of which may 
be increased to three, in which the Jiquors are deprive^ of their 
, carbonic aci(F 0 and amfeionifcm carbonate. These boilers may be • 
replaced by^a column, also of cast-iron. 2. The lime stills C and 

D. 3. The separator M, with its collector*^. The boilers C 
and D contain a number of hollow cast-iron cones^piled one on 
the other, the lower edges of which are deeply serratecf, a& shown 
in Fig. 31. The steam, which enters these vessels by V and 

E, displaces the liquid from the cones, and, escaping through the 
notches, bubbles up through the liquid, and is subjected to a 
very exhaustive scrubbing. This ingenious arrangement altogether 
prevents any choking by the lime or other insoluble matter, since 
these substances are very perfectly kept in suspension the 
action of the steam, and when the contents of tlfb stills are drawn 
off, the insoluble deposit readily falls from the surfaces ,of ttie 
cones, which have a slope of 60°. Actual incrustations, due 
to the calcium sulphate, which is always present in brine, only 
require to be removed at intervals of two or three months, 
for which purpose the dome-shaped tops of the stills are lifted 

ft 

off, the loose cones taken out, hammered and replaced ; the whole 
operation being extremely simple and rapid. 

The mother liquors from the soda carbonating vessels enter 
in a continuous stream by the pipe T, fed by a constant-level 
reservoir. From the chamber N they pass to the boiler A by 
the pipe T 1? and to B by T 2 . When the partially exhausted liquor 
in C stands at the level n , a thick cream of lime is introduced 0 
by the pipe K, the quantity of lime introduced being more than 
sufficient to decompose all the ammonium chloride in a quantity 
of the mother liquor, which would occupy the space from n to n'. 
The lime can be added to a nearly exhausted solution without 
producing any violent or irregular evolution of ammonia gas, and 
as the boiler fills up from n to n ' , by the continuous arrival of 
fresh solution by the pipe t y the decomposition by the excess of 
lime takes place gradually. # When the mixture arrives at e the 
level n\ it is drawn off to the level n into the boiler D, which 
has just previously been emptied of its exhausted contents. Steam 
is introduced inte, the apparatus at one place only by the stopcock 
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V. It fjrst* expels the last traces of Unynonfa from the contents 

of the Uoiler D ; the mixture of ammonia and steam then passes 
in succession through C, B, A, and N. • At this last point the 
vapour consists almost enty'ely of afnmonia and carbonic acid, 
with very little wfiter; the latter ts condensed* Vhilst passing 
through the cooled pipes m, m of the separator Off (Fig. 32), 
and flows back iiflS) the collector H. This vessel is provided with 
vertical parfttions, which dip to a certain depth only into tlye liquid : 




H, Pipe through which the vapours enter the q, q, Compartments foimed by vertical par- 

# first compartment of the collector N. titions dipping into the condensed 

m, m, Cond^lising tubes. liquid. 

N, Collector which directs the gaseous current T, Pipe for entrance of the liquor to be 
into the tubes of the separator, and re- treated. 

ceives the condonsed liquid from them. Z, Exit for ammonia and ammonium carbonate. 

they serve to direct the gaseous current into the pipes, whilst allowing 
the liquid to flow towards the end, where the pipe r l\ removes it. The 
ammonia and carbonic acid which issue from the last compartment 
of the collector are conveyed by the pipe Z to a brine reservoir. 

# Such an apparatus as the one # we have described, with the 
boilers C and D 2 m. in diameter, and the former with a 
cylindrical portion 2 m. high, can Exhaust in twenty-four hours 
40*£.m. of mother liquor containing 9 per cent, of ammonia. 
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